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PORWORD. 


For  nearly  two  years  Dr.  Geo.  J.  Bonyoucos  has  been  making  a  study 
of  some  of  the  factors  affecting  the  temperature  of  soils.  A  description 
of  some  of  his  work  and  the  conclusions  drawn  therefrom  form  the  sub- 
ject matter  of  this  bulletin. 

This  work  has  been  deemed  important  for  the  reason  that  some  of 
the  conclusions  usually  accepted  concerning  soil  temperature  have  not 
been  satisfactory — have  not  seemed  to  accord  with  observed  facts.  Ap- 
parently these  conclusions  have  been  drawn,  in  part  at  least,  from 
aualogjf  and  in  part  without  giving  due  weight  to  other  physical  fac- 
tors involved.  Working  with  facts  rather  than  from  analogy,  and  giving 
to  various  factors  their  proper  values  the  general  problem  becomes 
clearer  and  the  conclusions  are  in  accord  with  the  facts  of  soil  behavior. 

JOS.  A.  JEFPERY, 

Soil  Physicist. 
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INTRODUCTION. 


Soil  temperature  is  one  of  the  essential  limiting  factors  of  plant 
growth.  It  affects  the  three  most  important  functions  in  the  soil:  the 
biological^  the  chemical,  and  the  physical,  and  thereby  controls  to  a 
very  large  extent,  the  productive  power  of  a  soil. 

The  biological  effects  at  once  become  evident  when  it  is  considered 
that  all  life  depends  not  only  for  its  progress,  but  also  for  its  existence 
upon  soil  temperature.  Indeed,  the  germination  of  seed,  the  maximum 
growth  of  plants,  the  multiplication  and  functions  of  the  lower  organ- 
isms, the  taking  up  of  food  by  plants  through  osmotic  processes,  etc., 
depend  to  a  very  large  extent,  upon  soil  temperature.  Moreover,  all 
these  biological  processes  attain  their  maximum  end  not  at  the  mini- 
mum, nor  yet  at  the  maximum,  but  at  the  optimum  temperature,  which 
optimum  temperature  is  different  for  the  various  kinds  of  life. 

To  preceive  the  chemical  role  that  temperature  plays  in  the  soil  it 
will  suffice  merely  to  mention  that  it  is  a  great  accelerator  of  all 
chemical  reactions:  it  influences  the  solvent  action  of  water;  it  influ- 
ences the  velocity  of  the  reaction;  it  increases  the  osmotic  pressure  of 
the  solution;  it  favors  the  formation  of  nitrates;  it  hastens  the  weather- 
ing of  mineral  material  and  the  decomposition  of  organic  matter. 

From  the  physical  standpoint  temperature  affects  many  processes 
in  the  soil:  it  causes  a  movement  of  the  soil  moisture  and  of  the  salts 
due  to  the  change  in  their  surface  tension  and  viscosity;  it  produces  a 
movement  of  air  on  account  of  the  change  in  pressure.  A  change  in 
temperature  also  causes  a  disintegration  of  the  rocks  or  soil  material 
due  to  expansion  and  contraction. 

These  biological,  chemical,  and  physical  functions  of  soil  tempera- 
ture emphasize  the  great  importance  of  the  subject  and  the  need  for  a 
thorough  and  extensive  knowledge  concerning  it.  Unfortunately  our 
present  knowledge  of  it  is  very  limited.  The  reasons  for  this  may 
be  divided  into  two  general  groups:  (1)  We  do  not  yet  know  abso- 
lutely the  nature  of  heat  and  hence  of  the  temperature;  and  (2)  our 
present  methods  for  measuring  soil  temperature  are  very  unsatisfactory. 

That  our  knowledge  of  the  nature  of  heat  is  yet  uncertain  will  be 
at  once  evident  if  the  two  views  concerning  it  are  considered.  The 
static  view  considers  heat  as  being  a  substance  and  designates  it  as 
caloric.  The  dynamic  view,  on  the  other  hand,  considers  heat  as  a 
mode  of  motion;  or  as  a  measure  of  the  internal  energy  of  the  mole- 
cules of  the  body.  All  bodies,  it  maintains,  consist  of  molecules  in  a 
state  of  vibration  and  the  energy  of  the  motion  of  these  molecules 
determines  the  temperature  of  the  body;  that  a  difference  of  tempera- 
ture between  two  bodies  merely  means  that  a  difffference  exists  in  the 
energy  of  their  molecules;  and  that  this  difference  may  be  equalized 
with  the  lapse  of  time  by  radiation,  conduction,  and  convection  until 
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equilibrium  results.  This  dynamic  theory  of  heat  established  by  the 
experiments  of  Ruraford,  Davy,  and  Joule,  has  been  the  accepted  view 
of  modern  physics,  while  the  static  theory  has  been  entirely  abandoned. 
Very  recently,  hoT^^ver,  Callender  suggests  the  idea  that  this  old,  dis- 
carded caloric  theory  may  be  right  after  all.  He  maintains  that  what 
we  call  heat  and  measure  as  heat,  is  merely  the  energy  of  heat,  the  heat 
itself  may  well  be  a  substance  that  carries  energy  as  a  streiim  of  water 
carries  the  energy  that  turns  the  mill-wbeel. 

These  different  views  concerning  the  nature  of  heat  go  to  show  that 
after  all  we  are  not  absolutely  sure  what  heat  is,  of  the  laws  govern- 
it,  etc.,  even  tho  modern  physics  considered  it  one  of  its  triumphs  that 
it  had  demonstrated  beyond  doubt  the  nature  of  heat  from  the  dynamic 
standpoint. 

Undoubtedly  by  far  the  greater  part  of  our  limited  knowledge  of 
soil  temperature  is  due  to  our  unsuitable  and  unsatisfactory  methods  or 
instruments  employed  for  its  measurement  or  study.  Until  very  recent- 
ly, in  fact  in  all  the  soil  temperature  studies  that  are  on  record,  the 
mercury  thermometers  have  been  used  almost  exclusively  as  a  means 
for  the  measurement  of  temperature.  These  instruments,  altho  in  use 
in  almost  all  scientific  temperature  investigations,  are  far  from  being 
very  satisfactory  for  the  measurement  of  soil  temperature.  One  of  their 
serious  defects  is  the  unequal  length  of  their  mercury  bulbs,  which 
gives  rise  to  the  difficulty  of  measuring  accurately  the  temperature  of 
the  same  depth  of  different  soils.  In  the  second  place,  if  the  stems 
are  of  tlie  same  length  and  the  bulbs  are  placed  at  different  depths, 
there  will  be  unequal  mercury  columns  exposed  to  the  atmosphere,  and 
thus,  on  account  of  the  marked  difference  of  temperature  in  air  and 
soil,  there  will  undoubtedly  be  an  error  introduced  in  the  data. 

Both  these  obstacles,  however,  could  be  eliminated  or  obviated  to 
a  very  large  extent  by  having  thermometers  made  to  order  with  the 
same  length  of  bulbs  and  with  the  proper  length  of  stems.  But  there 
are  still  other  disadvantages  connected  with  such  instruments  such  as 
(1)  their  fragibility  and  consequently  their  unsuitability  for  long  dura- 
tion or  permanent  experiments;  (2)  their  inconvenience  for  reading 
and  consequently  the  errors  that  may  arise  due  to  the  parallax;  and 
the  adhering  of  the  mercury  column  to  the  stem  thus  giving  low 
or  high  readings. 

Perhaps  on  account  of  these  difficulties,  and  also  because  of  the  many 
other  complex  obstacles  involved,  the  general  subject  of  soil  tempera- 
ture has  heretofore  received  comparatively  little  investigation.  In  fact, 
there  is  on  record  no  extensive,  thoro,  and  systematic  investigation  on 
tho  subject.  Considerable  work  has  been  done  on  certain  individual 
phases  of  the  problem.  The  first  and  l)est  scientific  study  of  the  sub- 
jci  t  has  been  done  in  Germany  by  WoUny  and  his  associates.  In  no 
other  country  has  the  subject  received  much  attention.  In  America  the 
only  important  studies  are  the  few  practical  obssrvations  made  by 
King,  and  the  r(>cent  work  of  Patten  on  heat  transfemice  in  soils. 

While  the  greater  part  of  the  past  work  is  good  so  far  as  it  goes, 
there  is  considerable  which  is  rather  inferior,  the  results  of  which  have 
led  to  many  erroneous  and  faulty  conclusions.  Many  of  these  unsound 
conclusions  have  l)een  deducted  from  short  duration  experiments;  from 
only  one  phase  of  the  subject;  and  from  results  which  wei*e  obtained 
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under  too  artificial  a  condition.  The  subject  of  soil  temperature  is  a 
most  complex  problem,  and  in  order  to  arrive  at  proi)er,  definite  and 
valid  conclusions,  it  must  be  investi<;ated  from  all  standpoints,  and  as 
far  as  possible,  under  both  natural  and  controlled  conditions.  That 
the  subject  demands  a  broad  study  for  arriving  at  definite  and  sound 
conclusions,  is  evidenced  by  the  great  number  of  factors  which  affect 
or  influence  it.  These  factors  may  be  divided  into  two  general  groups, 
intrinsic  and  external.  The  intrinsic  factors  are  those  contained  in  the 
soil,  such  as  specific  heat,  specific  gravity,  heat  conductivity,  radiation, 
absorption,  moisture  content,  organic  matter  content,  c^oncentration  of 
solution,  evaporation,  nature  of  surface,  topographic  position,  etc. 
The  external  factors  consist  of  the  meteorological  elements,  chief  of 
which  are  the  air  temperature,  sunshine,  barometric  pressure,  wind 
velocity,  dew  point,  humidity,  precipitation,  etc.  Each  one  of  these  gen- 
eral groups  may  be  subdivided  into  two  parts,  one  part  tending  to  im- 
part heat  to  the  soil  and  thereby  raise  its  temperature,  and  the  other 
part  tending  to  take  away  heat  from  the  soil  and  thereby  lower  its 
temperature.  These  opposing  factors  are  in  operation  all  the  time, 
but  some  predominate  over  the  others  at  diflferent  seasons  of  the  year. 
A  temperature  record,  therefore,  taken  at  any  time  under  field  condi- 
tions may  be  considered  to  be  the  resultant  or  summation  of  the  effects 
or  forces  of  these  opposing  or  contesting  factors. 

In  view  of  the  paramount  importance  of  the  subject,  of  our  limited 
knowledge,  and  the  uncertainty  of  many  conclusions  concerning  it, 
it  has  seemed  essential  and  justifiable  to  undertake  an  investigation 
of  the  problem.  Such  an  investigation,  however,  to  be  of  the  greatest 
value  should  be  conducted  more  thoroughly,  extensively,  and  system- 
atically than  it  has  been  heretofore.  Accordingly  4he  policy  followed 
has  been  the  following:  First,  to  investigate  individually  or  in  com- 
bination, many,  of  the  chief  soil  factors  affecting  the  soil  temperature: 
second  to  study  vthe  effects  of  these  various  factors  on  the  temperature 
of  the  soil  under  field  conditions;  and  third,  to  ascertain  the  relation- 
ship between  soil  temperature  and  the  different  meteorological  elements. 

By  attacking  the  problem  from  this  broad  standpoint,  and  by  using 
the  same  kinds  of  soils  for  the  study  of  many  of  the  soil  factors,  it 
was  thought  that  the  work  would  yield  more  definite  and  conclusive 
knowledge,  and  it  would  also  enable  us  to  form  a  better  and  more  defi- 
nite idea  as  to  the  magnitude  of  these  respective  temperature  factors, 
also  which  ones  are  most  predominant  and  play  the  greatest  role  in 
determining  or  controlling  the  warmth  of  the  soil. 

In  the  present  bulletin  are  reported  the  results  of  the  completed 
laboratory  experiments  and  the  results  of  only  one  year  of  the  field 
experiments.  It  is  hoped  that  the  latter  experiments  will  be  conducted 
through  a  number  of  years  and  that  the  data  will  be  reported  from  time 
to  time. 
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SPECIFIC  HEAT  OF  SOILS. 


OBJECT  AND  METHOD  OF  EXPERIMENTATION. 

Specific  heat  is  defined  as  the  number  of  calories  needed  to  raise  one 
gram  of  a  substance  1^  C.  The  specific  heat  of  soils  has  received  at- 
tention from  various  investigators  at  different  times,  notably  from 
Pfaundler,^  von  Schumacher,^  v.  Liebenberg,'  Lang,*  Ulrich,"  and  Patten.' 
Tlie  results  obtained  by  these  investigators  for  the  chief  soil  types  are 
given  in  the  following  table: 

TABLE  1.— SPECIFIC  HEAT  OF  SOII^. 


Pfaund- 
ler. 

Schu- 
macher. 

V.  Lieben- 
berg. 

Lang. 

Ulrich. 

Patten. 

Sand  

0.203 
0.208 

.128 
.205 
.190 

.272 
.188 
.161 
.301 

.196 
.214 
.233 
.477 

.191 
.208 
.224 
.443 

.184 
.205 
.156 

Clay  

Peat  

0.507 

It  is  evident  that  the  specific  heat  of  any  one  type  of  soil,  as  found 
by  the  different  experimenters,  is  significantly  different.  The  reason 
for  such  disagreement  is  undoubtedly  due  (1)  to  the  difference  in  com- 
position of  the  material,  even  tho  it  is  designated  by  the  same  name; 
(2)  to  the  different  methods  employed;  and  (3)  to  the  difference  in 
technic  in  the  manipulation. 

Since  it  was  necessary  to  know  the  exact  specific  heat  of  the  particular 
tyi)es  of  soil  which  were  to  be  used  for  the  various  phases  of  soil  tem- 
perature study,  and  since  such  knowledge  could  not  be  obtained  from 
the  above  data,  it  was  deemed  essential  to  ascertain  it  directly. 

There  are  a  large  number  of  methods  employed  for  specific  heat 
determination  of  solid  materials,  but  they  are  all  based  upon  the  method 
of  mixtures.  While  numerous  as  are  these  methods,  they  are  aJl  de- 
fective; an  error  enters  into  all  of  them  due  to  the  loss  of  heat  during 
the  operation. 

The  method  employed  in  the  present  study  was  devised  in  the  course 
of  the  investigation  and  was  adopted  in  preference  to  a  large  number 
of  others  that  were  tried.  This  method  consists  in  wrapping  a  defl 
nite  weight  of  soil  in  a  known  weight  of  filter  paper,  tying  the  latter 
with  a  very  fine  thread,  then  suspending  it  in  a  heater  at  a  temperature 
of  about  97°  C.  After  the  soil  remained  in  the  heater  for  two  or  more 
hours  and  had  attained  a  constant  temperature  it  was  dropped  at  once 
into  the  calorimeter  and  stirred  vigorously  until  the  maximum  tem- 
perature was  indicated  on  the  thermometer.  This  temperature  was  usual- 
ly obtained  in  about  one  minute.   The  filter  paper  upon  coming  in  con- 

(1)  Ann.  d.  Physik  u.  Cbemie  5.    Relhe.  9  Bd.    (1866):  102-135. 

(2)  Die  Phyaik  Des  Bodens.  Berlin  (1864):  245. 

(3)  Habilitationschrift  HaUe  1875. 

(4)  Forsch.  a.  d.  Geb.  d.  Agrikulturphyslk  Bd.  1,:  109. 

(5)  Forech.  a.  d.  Geb.  d.  Agrikulturphyslk  Bd.  17:  1. 

(6)  Bui.  59,  U.  8.  Dept.  of  Agri..  Bureau  of  Soils.  1909. 
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tact  with  the  water  would  immediately  break  up  and  allow  the  soil 
contained  to  mix  with  the  water  and  thus  give  up  its  heat  more  rapidly 
than  if  it  had  been  enclosed  in  a  water-tight  vessel  as  has  been  done  by 
several  investigators,  which  process  delays  the  reaching  of  the  maximum 
point  on  account  of  the  poor  heat  transference  of  the  soil  material. 
Both  the  free  soil  and  the  filter  paper  upon  becoming  wet  increased 
the  temperature,  but  this  increase  was  deducted  from  the  final  calcu- 
lation by  ascertaining  it  in  a  separate  experiment  wherein  was  used  the 
same  amount  of  soil,  filter  paper,  and  water  as  in  the  r^ular  determina- 
tions and  having  them  at  about  the  same  temperature  (25°  0.)  The 
temperature  increase  due  to  wetting  of  the  various  dry  soil  powders 
is  considerable,  as  will  be  shown  subsequently,  and  unless  it  is  taken 
into  consideration  in  the  final  calculation  of  the  results  the  latter  will 
be  altogether  too  high,  especially  for  certain  soils.  The  size  of  particles 
also  influences  the  heat  generation  due  to  wetting,  consequently  in  all 
the  different  kinds  of  soils  except  the  gravel,  whose  specific  heat  was 
determined,  the  same  size  of  particles  was  used,  i.  e.,  those  which  could 
pass  thru  a  40  sieve  mesh. 

In  the  determination  of  the  specific  heat  of  the  peat  it  was  found 
that  this  material  would  not  settle  to  the  bottom  of  the  calorimeter 
and  consequently  considerable  heat  would  be  lost  before  the  cover  of  the 
calorimeter  was  put  on  and  the  stirring  process  begun.  To  overcome 
this  aiflSculty  and  thereby  eliminate  the  error,  a  piece  of  copper  was 
placed  with  the  soil  which  would  cause  the  soil  to  immediately  fall 
to  the  bottom  of  the  calorimeter.  The  specific  heat  or  water  equivalent 
of  this  copper  piece  being  known  would  be  deducted  from  the  final 
calculation  of  the  results.  In  all  these  specific  heat  determinations  the 
temperature  was  taken  by  a  Beckmann  thermometer,  and  the  specific 
heat  apparatus  employed  was  of  McCalPs  type. 

SPECIFIC  HEAT  OF  SOILS  BY   EQUAL  WEIGHTS. 

The  following  table  represents  the  specific  heat  of  the  different  types 
of  soil  as  determined  by  the  above  method,  and  the  different  individual 
data  neeessary  for  the  calculation  of  the  same.  The  mechanical 
analysis  of  these  difl'erent  types  of  soil  is  shown  on  table  18a. 

This  table  shows  that  the  specific  heat  of  the  different  types  of  soil 
varies  very  little,  that  of  the  quartz  sand  is  the  lowest,  followed  in  order 
by  gravel,  clay,  loam  and  peat.  The  specific  heat  of  the  latter  soil  as 
determined  in  this  investigation,  is  very  interesting  because  it  is  just 
about  half  as  great  as  that  given  to  it  by  some  other  investigators. 

In  the  above  table  is  also  shown  the  amount  of  heat  generated  by 
the  different  soils  when  wetted.  It  will  be  seen  that  this  quantity  of 
heat  is  considerable  and  becomes  greater  as  the  organic  matter  of  the 
soil  increases.  In  this  respect  it  follows  the  same  law  as  the  specific 
heat. 

The  slight  difl?erence  in  the  specific  heat  of  the  different  soils,  as 
shown  above,  points  to  the  important  conclusion  that  this  property 
plays  an  insignificant  part  in  the  heat  relationships  of  these  soils. 
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TABLE  2.— SPECIFIC  HEAT  OF  SOILS  BY  EQUAL  WEIGHTS. 


Name  of  soil. 

Number  of  trials. 

Grams  of  soil. 

Grams  of  water. 

Temperature  of  water  in  C. 

Temperature  of  soil  in  C.° 

Final  temperature  in  C. 

Water  equivalent  of  calori- 
meter. 

Calorimetric  system. 

Heat  due  to  wetting  soil 
and  paper  C.° 

Specific  heat. 

Ave.    Specific  heat. 

Sand  

1 

20 

180 

19.65 

96.70 

21.35 

11 

191 

.170 

.1934 

2 

20 

180 

20.90 

95.80 

22.55 

11 

191 

.170 

.1925 

.1929 

1 

20 

180|  19.30 

95.10 

21.10 

11 

191 

.232 

.2017 

2 

20 

180|  22.15 

96.10 

23.95 

11 

191 

.232 

.2065 

3 

20 

180 

18.55 

95.40 

20.40 

11 

191 

.232 

.2053 

.2046 

Clay  

1 

20 

180 

18.30 

96.50 

20.45 

11 

191 

.526 

.2025 

2 

20 

180 

19.95 

96.40 

22.10 

11 

191 

.526 

.2072 

3 

20 

180 

18.40 

96.90 

20.60 

11 

191 

.626 

.2081 

.2099 

Loam  

1 

20 

180 

20.52 

96.30 

23.05 

11 

191 

.826 

.2197 

2 

20 

180 

20.05 

96.20 

22.55 

11 

191 

.826 

.2146 

3 

20 

180 

21.89 

97.10 

24.35 

11 

191 

.826 

.2120 

' .2164 

Peat  

1 

20 

180 

21.92 

95.40 

27.85 

11 

191 

4.04 

.2521 

2 

20 

180 

20.70 

95.00 

26.70 

11 

191 

4.04 

.2521 

3 

20 

180 

21.95 

95.90 

27.90 

11 

191 

4.04 

.2534 

.2626 

SPECIFIC  HEAT  OF  SOILS  BY  EQUAL  VOLUMES. 

The  next  question  that  arises  is  what  is  the  specific  heat  of  these 
same  soils  when  considered  from  the  standpoint  of  equal  volumes. 
Practically  speaking  it  is  the  specific  heat  by  equal  volume  that  is  im- 
portant from  the  agricultural  standpoint  and  not  the  specific  heat  by 
equal  weight.  In  the  field  it  is  the  depth  or  volume  and  not  the  weight 
that  is  heated  that  is  important  to  the  plant. 

The  specific  heat  of  a  soil  by  equal  volume  can  be  obtained  by  multi- 
plying its  specific  gravity  by  its  specific  heat  by  weight.  The  results 
obtained  by  this  process  are  shown  in  the  following  table: 

TABLE  3.— SPECIFIC  HEAT  OF  SOILS  BY  EQUAL  VOLUMES. 


Name  of  soil. 

Specific 
gravity. 

Specific 
heat, 
equal 

weight. 

Specific 
heat, 
equal 

volume. 

Sand  

2.664 
2.707 
2.762 
2 . 558 
1.755 

.1929 
.2045 
.2059 
.2154 
.2525 

.5093 
.55.35 
.5686 
.5607 
.4397 

Clay  
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II  will  be  seen  that  the  difference  in  the  heat  capacity  considered 
from  the  equal  volume  standpoint  is  also  small  in  magnitude  between 
the  different  soils,  but  that  the  order  is  very  different  from  that  of 
the  specific  heat  by  equal  weights.  In  the  latter  case  peat  has  the 
highest  specific  heat  and  is  followed  in  order  by  loam,  clay,  gravel,  and 
finally  by  sand;  while  in  the  case  of  equal  volumes  peat  has  the  lowest 
specific  heat  with  sand,  loam,  gravel,  and  clay  coming  next  in  respec- 
tive order. 

INFLUENCE  OP  MOISTURE  ON  SPECIFIC  HEAT  OF  SOILS. 

In  field  conditions  the  specific  heat  of  soils  by  equal  volume  is  also 
unimportant  because  the  different  soils  in  their  natural  condition  pos- 
sess different  amounts  of  water  on  account  of  their  different  water 
holding  capacity,  and  water  as  will  be  shown,  is  one  of  the  predominant 
controlling  agents  of  soil  temj>erature.  With  the  exception  of  hydro- 
gen gas,  water  possesses  the  highest  heat  capacity  of  any  other  sub- 
stance. In  comparison  with  that  of  the  dry  soils,  it  is  five  times  greater. 
This  is  very  significant  because  it  means  that  it  requires  five  times  as 
much  heat  to  raise  the  temperature  of  a  unit  quantity  of  water  to  one 
degree  as  is  necessary  for  a  unit  weight  of  soil.  The  different  types 
of  soil  possessing  markedly  different  water  contents,  will  have  entirely 
different  specific  heats  than  those  shown  above. 

To  correctly  value  the  tremendous  influence  that  soil  moisture  has 
upon  soil  temperature,  this  moisture  must  be  determined  by  volume. 
Such  determination,  then,  gives  a  true  comparison  of  the  amount  of 
water  the  different  soils  may  hold  under  natural  condition,  which  con- 
dition from  the  agricultural  or  practical  standpoint  is  the  most  import- 
ant and  satisfactory. 

TABLE  4.— EFFECT  OF  MOISTURE  ON  THE  SOIL  TEMPERATURE. 


Name  of  soil. 

Wt.  of  a 
cu.  ft.  lbs. 

Percent 
moisture. 

Specific  heat 
of  soils. 

Rise  of  temp, 
of  dry  soils 
by  idO  heat 
units. 

Rise  of  temp. 

of  moist 
soils  by  100 
heat  units. 

April  3,  1912: 

Clay  

Peat  

109.2 
102.7 
72  93 
76.35 
36.76 

10.45 
16.96 
40.7 
29.16 
256.5 

.2045 
.1915 
.2154 
.2059 
.2525 

.  009854 ''C 
.011170 
.014010 
.013990 
.023740  ' 

. 006520 °C 

.006876 

.004848 

.005790 

.002127 

NoTember  4,  1912: 

Gravel  

Sand  

Peat  

109.2 
102.7 
72.93 
76.35 
36.76 

6.91 
3.78 
38.12 
26.81 
136.5 

.2045 
.1950 
.2154 
.2059 
.2526 

.009854 
.011170 
.014010 
.013990 
.023740 

.007365 
.009208 
.005056 
.006079 
.003725 

The  moisture  content  by  volume  of  all  the  types  of  soil  in  which  the 
specific  heat  has  already  been  considered,  has  been  determined  in  the 
following  manner:  The  weight  of  a  cubic  foot  of  each  soil  was  de- 
termined in  the  regular  way.  Their  moisture  content  was  found  under 
the  same  field  conditions  many  times  during  the  year:  in  the  early 
spring  before  they  began  to  thaw,  in  the  middle  of  the  summer,  in  the 
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late  fall  when  they  began  to  freeze,  after  a  long  drought,  and  imme- 
diately after  a  heavv  rain.  The  percentage  of  the  moisture  content 
found  under  this  variety  of  conditions  multiplied  by  the  weight  of  a 
cubic  foot  of  soil  gives  the  amount  of  water  contained  in  that  volume 
of  soil.  Knowing  the  specific  heat  of  water,  the  influence  that  the 
moisture  content  exerts  on  soil  temperature  can  readily  be  calculated. 
The  table  below  represents  the  number  of  degrees  Centigrade  that  100 
heat  units  will  raise  or  lower  the  temperature  of  a  cubic  foot  of  the 
different  types  of  soil. 

A  careful  examination  of  the  table  reveals  many  striking  and  signifi- 
cant facts.  It  shows  (1)  that  on  account  of  the  great  difference  in  the 
weight  of  a  cubic  foot  the  influence  of  the  specific  heat  of  equal  weight 
is  offset  so  that  the  peat  which  possesses  the  greatest  heat  capacity 
but  the  lowest  weight  has  its  temperature  raised  about  twice  as  much 
as  that  of  the  sand  and  gravel  which  have  the  lowest  specific  heat  but 
the  greatest  weight;  (2)  the  differences  in  the  moisture  content  are  so 
great  in  the  different  types  of  soil  that  the  influence  of  the  weight  of  the 
soil  on  the  temperature  is  again  offset  or  overshadowed  so  that  the 
peat  which  in  the  dry  condition  is  about  twice  as  warm  as  the  sand 
or  gravel,  is  now  from  two  to  three  times  colder  than  the  latter  soils. 
This  latter  fact  was  actually  obtained  also  in  field  conditions.  The 
peat  for  instance,  remained  frozen  in  the  spring  about  10  days  longer 
and  in  the  fall  it  usually  froze  after  the  other  soils  had  frozen.  All 
these  facts  lead  to  the  important  conclusion  that  while  the  specific  heat 
as  well  as  the  weight  play  some  important  part  on  the  ultimate  soil 
temperature,  and  especially  on  its  ascent  and  descent,  their  influences 
are  minimized  and  indeed  overshadowed  by  the  tremendous  influence 
of  water  with  its  great  heat  capacity.  Hence  it  cannot  be  determined 
with  certainty  what  the  rising  or  lowering  of  temperature  will  be  of 
any  particular  group  of  soils  merely  from  the  specific  heat  and  weight 
of  a  cubic  foot,  unless  the  water  content  also  is  known.  . 


HEAT  CONDUCTIVITY  OF  SOILS. 

OBJECT  AND  METHOD  OP  EXPERIMENTATION. 

Heat  conductivity  is  defined  as  the  quantity  of  heat  in  calories  which 
passes  across  a  cube  of  unit  edge  (1  cm),  in  unit  time  (1  second),  under 
a  uniform  temperature  gradient  of  one  degree  centigrade  per  centimeter. 

Heat  conductivity  is  one  of  the  three  modes  of  heat  propagation,  tlie 
other  two  are  radiation  and  convection.  These  three  modes  of  heat 
transmission  are  independent  of  and  essentially  different  from  each 
other.  In  the  process  of  conduction  the  heat  is  transferred  from  one 
body  to  another,  or  from  one  part  of  the  body  to  another  part  by  con- 
tact, or  by  means  of  the  molecules;  while  in  radiation  the  heat  is 
propagated  as  a  free-wave  motion  in  the  ether  without  permanently 
affecting  the  intervening  space  between  the  radiating  body  and  the  body 
receiving  the  radiant  energy.  The  process  of  convection,  on  the  other 
hand,  takes  place  chiefly  in  liquids  and  gases,  where  heat  is  conveyed 
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OP  transmitted  by  the  interchange  of  the  unequally  heated  currents  of 
these  liquids  or  gases. 

Heat  transference  in  soils  has  already  received  considerable  atten- 
tion from  investigators.  Especially  important  is  the  work  on  the  sub- 
ject of  ^Haberland,  v.  ^Littrow,  "Pott,  ^^Wagner  and  ^^Patten.  The 
method  of  study  of  all  these  investigators  consisted  in  determining  the 
heat  conductivity  of  powders  of  soils  of  different  sized  particles  in  dry, 
moisty  and  wet  condition,  and  with  different  degrees  of  compactness. 
The  materials  were  placed  in  a  well-insulated  vessel,  one  side  of  which 
consisted  of  some  metal  which  was  brought  in  contact  with  a  constant 
source  of  heat.  The  results  obtained  by  Haberland,  v.  Littrow,  Pott  and 
Wagner  are  only  relative  or  qualitative,  while  those  of  Patten  are 
quantitative. 

While  the  results  of  all  tliese  investigations  are  valuable  and  interest- 
ing, they  have  only  a  theoretical  and  suggestive  value,  because  they 
were  all  obtained  under  artificial  conditions.  It  is  a  well-known  fact 
that  it  is  practically  impossible  to  imitate  in  the  laboratory  the  abso- 
lute condition  which  the  soil  possesses  in  the  field.  The  heat  conduc- 
tivity is  noticeably  infiuenced  by  many  factors,  especially  by  texture, 
structure,  and  moisture  content.  When  one  of  these  factors  is  changed 
the  others  also  are  changed.  Under  field  conditions,  the  soil,  from  long 
standing,  has  given  .these  factors  an  opportunity  to  come  to  equilibrium 
and,  therefore,  it  will  possess  a  certain  rate  of  heat  transmission  at  any 
given  time.  In  the  laboratory,  however,  these  factors  cannot  be  brought 
into  equilibrium,  and  hence  the  heat  conductivity  measurements  under 
this  condition  have  mostly  a  suggestive  and  theoretical  value,  however, 
qualitative  or  quantitative  they  may  be. 

In  order  that  data  on  the  heat  transmission  in  soils  may  be  of  prac- 
tical value,  they  must  be  obtained  under  natural  field  conditions.  "There 
are  many  difficulties  that  arise  or  are  involved  in  such  operations  which 
tend  to  minimize  the  importance  of  the  results.  In  the  first  place,  the 
different  soils  possess  different  shades  of  colors  and  would  tend  to  ab- 
sorb heat  unequally  and,  therefore,  would  be  heated  unequally.  In  the 
second  place,  the  different  soils  contain  different  amounts  of  moisture 
and  different  powers  of  capillary  rise  of  water,  hence  there  will  be 
unequal  evaporation  of  water  on  the  surface,  and  consequently  a  differ- 
ent rate  of  heating.  » 

HEAT  CONDUCTIVITY  OB'  NATURAL  SOILS  UNDER  LABORATORY  CONDITIONS. 

The  next  best  way  to  study  the  heat  conductivity  which  would  yield 
data  of  practical  as  well  as  of  theoretical  value,  would  be  to  cut  cores 
of  soils  at  different  seasons  of  the  year,  depending  upon  the  meteoro- 
logical elements  which  would  bring  the  soils  under  the  different  condi- 
tions of  moisture,  texture  and  structure,  and  thus  measure  the  heat 
conductivity  of  these  cores  of  the  different  kinds  of  soils  under  controlled 
laboratory  conditions.    In  the  present  investigation,  that  is  just  what 

(7)  Wissenschaftl.  praktische  Untersuchungen  auf  dem  Gebiete  des  Pflanzenbaues.    Wein  1876. 

(8)  Sitzungsber.  d.  k.  Akademie  d.  Wissenschaften  2,  Abteil,  Wien  1875.  Januarheft. 

(9)  UDdw.  Veraucha-Stationen  Bd.  XX:  273  u.  f . 

(10)  Forach.  a.  d.  Geb.  d.  Anikulturplylsik  Bd.  6:1  u.  f. 

(11)  Bulletin  59,  Bureau  of  Soils«  IT.  S.  Department  of  Agriculture. 
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was  attempted.  The  method  of  operation  was  as  follows:  Four  plates 
of  iron  8  inches  long,  7  inches  wide,  and  Ys  inch  thick,  with  their  front 
and  opposite  edges  sharpened,  were  pressed  or  bored  into  the  different 
types  of  soil — which  types  were  placed  one  year  before  in  adjacent 
wooden  boxes  J^xSxS  ft.,  without  top  or  bottom,  as  will  be  explained 
later — so  as  to  form  a  square.  The  soil  around  the  outside  of  the  plates 
was  then  removed  to  its  full  depth.  The  plates  came  out  and  left 
the  core  of  the  soil  standing.  A  wooden  box  8  inches  deep,  6  %  inches 
wide,  and  1  inch  thick,  was  placed  over  this  core  until  the  top  soil  was 
even  with  the  upper  side  of  the  box.  Next  a  copper  plate  was  fitted  on 
this  side  of  the  box  which  came  in  intimate  contact  with  the  top  of  the 
soil.  The  bottom  of  the  core  was  next  severed  from  the  ground  with 
a  sharp  knife,  then  smoothed  and  kept  in  place  by  a  wooden  cover.  This 
whole  operation,  i.  e.,  driving  the  plates  into  the  ground,  placing  the 
box  over  the  core,  severing  the  coi'e  from  the  ground,  was  done  with  the 
greatest  possible  care  so  that  the  structure  of  the  soil  core  may  not  be 
disturbed.  Precautions  were  also  taken  to  secure  the  core  6%  inches  in 
diameter  so  that  any  slight  friction  on  the  sides  would  not  affect  its 
structure. 

The  box  which  contained  .the  core  of  soil  consisted,  as  already  said, 
of  four  wooden  sides,  one  wooden  bottom,  and  one  copper  top.  Before 
it  was  placed  over  the  soil,  it  was  boiled  in  paraffin.  Along  the  center 
of  the  lengthwise  side,  7  holes  were  bored  one  inch  apart  to  admit 
thermometers. 

Four  cores  of  soil  were  taken,  one  from  sand,  loamy,  clay,  and  peat 
respectively.  No  core  was  taken  of  the  gravelly  soil  since  its  texture 
would  not  permit  the  plates  being  driven  into  it  without  materially  dis- 
turbing its  structure. 

Mention  has  been  made  that  the  top  of  the  core  of  each  soil  was  smooth 
and  came  in  contact  with  the  copper  plate.  To  be  more  certain  of  this 
a  layer  of  moist  quartz  sand  was  placed  over  each  core  before  covering 
it  finally  with  the  copper  plate.  There  could  now  be  no  doubt  of  an 
absolutely  perfect  contact.  Each  box  was  then  made  air  tight  by  paraf- 
fin so  that  there  would  be  no  evaporation.  The  soils  were  allowed  to 
remain  in  the  room  for  several  hours  to  attain  the  same  temperature, 
before  the  study  of  their  heat  transmission  was  commenced. 

The  copper  plate  end  of  the  box  was  placed  up  against  the  copper 
side  of  a  tank  the  water  in  which  was  kept  at  the  constant  temperature 
of  33.5°  C  by  means  of  an  electrical  arrangement  shown  in  the  diagram 
I.  A  is  a  tank  filled  with  water,  C  is  a  32  candle  power  electric  light 
by  means  of  which  the  water  is  heated.  The  bulb  is  connected  to  the 
circuit  breaker  or  magnet  I)  which  in  turn  is  attached  to  the  thermo- 
stat E.  F  is  a  stirring  fan  nm  by  the  motor  G.  H  is  a  stand  upon 
which  the  soil  box  rests.  This  stand  is  brought  as  close  to  the  tank 
as  possible  and  fastened  to  it  by  means  of  a  wire,  while  the  soil  box 
is  pressed  firmly  against  the  side  of  the  tank  by  means  of  the  screw  I. 

As  soon  as  the  box  came  in  intimate  contact  with  the  source  of  heat, 
records  of  the  rate  at  which  the  heat  traveled  through  the  soil  were  be- 
gun. The  method  adopted  to  measure  this  rate  of  heat  transmission 
was  to  note  the  time  when  the  soil  box  was  brought  to  the  constant 
source  of  heat  also  the  time  when  the  mercury  column  of  each  thermo- 
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meter  began  to  rise.  The  bulb  of  the  thermometer  was  always  in  the 
center  of  the  core  or  about  3  inches  deep. 

It  will  be  evident  that  the  results  obtained  in  this  way  are  qualitative 
and  relative.  No  attempt  was  made  to  determine  the  heat  conductivity 
in  these  cores  of  soils  quantitatively  because  of  the  many  errors  in- 
volved as  shown  and  enumerated  by  Patten;  also  because  tlie  quantita- 
tive results  would  not  have  any  more  significance  either  from  the 
theoretical  or  practical  point  of  view,  as  the  stat«  of  the  material  ex- 
perimented upon  was  unstable.  The  method  adopted,  however,  appears 
to  have  been  satisfactory  and  accurate  as  the  readings  could  be  check- 
ed within  two  to  four  minutes  with  the  exception  of  the  peat  in  which 
case  the  time  varied  as  much  as  10  minutes.  This  discrepancy  was 
undoubtedly  due  to. the  fact  that  the  temperature  rose  so  slowly  in  this 
soil  that  it  was  difficult  to  note  at  once  the  beginning  of  temperature 
rise  as  easily  as  it  was  in  the  other  soils. 

There  was  probably  no  loss  of  heat  from  the  box  as  the  walls  were 
over  one  inch  thick  and  well  paraffined.  The  room  temperature  also 
remained  quite  constant  throughout  the  duration  of  this  series  of  ex- 
periments. 

The  results  obtained  by  the  foregoing  procedure  are  shown  below. 
They  represent  the  time  that  elapsed  from  the  time  the  soil  box  came 
in  contact  with  the  source  of  heat  until  the  time  the  mercury  column 
of  the  thermometer  at  7  inches  from  the  surface  of  the  soil  commenced 
to  rise.  The  data  for  the  other  six  thermometers  for  the  first  six  inches 
respectively,  are  left  oujt  for  the  sake  of  simplicity.  The  figures  for  all 
soils  are  the  averages  of  four  trials.  These  tests  within  the  same  soil 
did  not  vary  from  each  other  more  than  three  or  four  minutes  except  in 
the  peat. 


TABLE  5.— HEAT  CONDUCTIVITY  OF  NATURAL  SOILS  UNDER  LABORATORY 

CONDITIONS. 


Name  of  soil. 

Minutes 
required  for 
thennome- 

ter  at  7 
inches  to 
show  rise  in 
temperature. 

Percent  time 
required  for 

thermome- 
ter at  7 

inches  to 
show  rise  in 
temperature. 

Sand  

27 
49 
48 
124.5 

100 
181.5 
177.8 
461.2 

Clay  

Peat  

The  results  show  that  th^  sandy  soil  conducts  heat  most  rapidly  and 
is  followed  respectively  by  clay,  loam,  and  peat.  The  difference  between 
the  sandy  soil  and  peat  is  very  great,  the  latter  allowed  the  heat  to  travel 
thru  it  only  one-third  as  fast  as  the  former.  The  differences  between 
the  other  two  soils  are  very  small  and  in  favor  of  the  clay. 


HESAT  CONDUCTIVITY  OF  SOILS  UNDER  FIELD  CONDITIONS. 

The  heat  conductivity  of  the  different  types  of  soil  under  field  condi- 
tions was  determined  by  taking  records  every  half  hour  by  means  of 
electrical  resistance  thermometers,  which  will  be  explained  later,  from 
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seven  in  the  morning  till  all  the  thermometers  in  the  different  depths  or 
at  any  particular  depth  showed  a  rise  in  temperature.  These  different 
types  of  soil  were  contained  in  adjacent  wooden  boxes  3x3x3  feet, 
without  top  or  bottom,  and  the  soils  had  lain  there  for  about  a  year 
so  that  they  were  well  compacted  by  the  different  climatic  agents.  They 
were  also  covered  with  a  thin  layer  of  a  sandy  soil  so  that  their  insola- 
tion and  evaporation  were  more  or  less  equalized.  These  half-hour 
records  were  made  at  different  periods  of  the  season  depending 
upon  the  condition  of  the  ground,  namely,  after  a  long  drought,  im- 
mediately after  a  heavy  rain,  and  a  few  days  after  the  rain.  By  mak- 
ing these  observations  at  different  times  under  this  variety  of  condi- 
tions, an  idea  was  obtained  as  to  the  relative  heat  conductivity  of  these 
distinct  kinds  of  soils  in  their  natural  state  under  field  conditions.  The 
data  thus  obtained  are  included  below : 

TABLE  6— HEAT  CONDUCTIVITY  OF  SOILS  UNDER  FIELD  CONDITIONS. 


Date. 


Depth.  Gravel. 


Sand. 


Loam. 


Clay. 


Peat. 


July  27  

Augast  5 .  .  . . 
August  26 . .  . 
August  27 . .  . 
September  23, 


6  In 

12  in, 


6  in. 
12  in. 


6  in. 
12  in 


6  In. 
12  in 


6  in. 
12  in. 


hrs. 
hrs. 


hrs. 
hrs. 


hrs. 
hrs. 

hrs. 
hrs. 


6 . 30  hrs. 
9.30  hrs. 


6 
10 


hrs. 
his. 


6  hrs. 
9.30  hrs. 

5.30  hrs. 
9.30  hrs. 


9  firs. 


4.30  hrs. 
7  hra. 


4.30  hrs. 
7  hrs. 


hrs. 
hrs. 


hrs, 
hrs. 


4  hrs, 
5 . 30  his. 


4  hrs, 
5.30  hrs. 


7  hra. 
10.30  hrs. 

6  hrs. 
10.30  hrs. 

6  .30  hrs. 
9  hrs. 


6 

10 


hrs. 
hrs.. 


8.30  hrs. 
g  hrs. 


5.30  hrs. 
10.30  hrs.. 

6  hra. 
9  hra., 


9  hra. 
9.30  hra. 


The  figures  in  each  case  indicate  the  number  of  hours  required  for 
the  heat  to  reach  the  two  different  depths  from  the  time  the  air  tempera- 
ture began  to  rise.  The  commencement  of  the  ascent  of  the  air  tempera- 
ture was  recorded  by  means  of  an  air  thermograph,  which  commence- 
ment usually  took  place  from  about  four  to  six  o'clock  in  the  morning. 
The  data  show  very  conclusively  that  for  both  the  6  and  12  inch  depths 
at  every  observation,  the  gravel  and  sand  exhibit  the  greatest  power  of 
heat  conductivity,  followed  respectively  by  clay,  loam  and  peat;  that 
the  gravel  and  sand  transmit  the  heat  equally  well,  as  do  the  loam  and 
clay,  but  that  the  peat  is  the  poorest  heat  propagator;  also  that  the 
differences  between  the  gravel  and  the  sand  are  nil,  between  these  and 
the  loam  and  clay  quite  marked,  while  the  difference  between  peat  and 
any  of  the  other  soils  is  very  great.  One  of  the  interesting  points  to 
be  observed  is  the  fact  that  the  order  as  well  as  the  magnitude  of  heat 
transmission  in  all  these  soils,  is  fairly  constant,  especially  for  the  six 
inch  depth  for  all  the  different  observations. 

Attention  should  be  called  to  the  perfect  agreement  in  the  order  of 
heat  transmission  of  these  soils  as  measured  under  the  field  conditions 
and  in  the  laboratory  in  the  natural  state.  This  interesting  parallelism 
receives  most  important  confirmation  in  the  table  below  which  con- 
tains the  relative  heat  conductivity  of  these  soils  as  deteiinined  under 
the  field  conditions  on  the  same  day  that  the  cores  of  the  respective  soils 
were  taken.  The  state  of  the  material  was  the  same  and  consequently 
the  heat  propagation  under  the  two  different  conditions  can  be  more 
tmlj  compftred. 
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TABLE  7.-— COMPARISON  OF  HEAT  CONDUCTIVITY  OF  NATURAL  SOILS  UNDER  FIELD 
AND  LABORATORY  CONDITIONS. 


Name  of  soiL 

Percent 
of  time 
required  for 
temperature 
at  7^  to  rise. 

Field 
conditions. 

Percent 
of  time 
required  for 
temperature 
at  7*  to  rise. 
Laboratory 
conditions. 

Sand  

100 
160 
143 

362 

100 
181 
177.8 
461.2 

Clay  

This  table  not  only  shows  the  close  agreement  in  the  order  of  the  heat 
conductivity  of  the  different  types  of  soil  as  measured  in  their  natural 
state  under  field  and  laboratory  conditions,  but  also  the  more  important 
fact  that  the  magnitude  in  both  cases  is  very  much  the  same,  except  in 
peat  in  which  case  thei-e  is  quite  a  disagreement. 

It  must  be  stated  here  that  these  different  types  of  soil  under  field 
conditions  were  all  covered  with  a  very  thin  layer  of  a  sandy  soil  so 
as  to  eliminate  the  factor  of  color.  This  layer  of  soil  incidently  per- 
formed several  other  functions,  such  as  the  prevention  of  formation  of 
cracks  on  the  top  of  the  clay  and  loam  soils,  the  tendency  for  equalizing 
the  rate  of  evaporation  among  the  different  soils,  etc.  As  a  result,  the 
heat  conduction  values  obtained  both  under  laboratory  and  field  condi- 
tions approach  more  closely  to  the  true  heat  conducting  power  of  these 
soils.  If  these,  different  soil  types  were  not  covered  with  the  thin 
layer  of  the  sandy  soil  the  clay  and  loam  would  crack  on  the  surface 
and  these  cracks  would  increase  the  rate  of  air  diffusion  and  thereby 
decrease  the  difference  in  magnitude  of  conducting  power-  between  the 
sand  and  gravel  and  the  clay  and  the  loam. 

In  connection  with  the  observations  made  on  the  heat  conductivity 
of  the  different  types  of  soil  under  field  conditions,  might  be  mentioned 
the  similar  studies  made  on  cultivated,  uncultivated  and  sod  land.  As 
will  be  stated  later,  the  original  object  of  this  experiment  was  to  as- 
certain the  effect  of  these  wholly  different  soil  managements  on  the 
soil  temi)erature.  The  temperature  of  these  plots  was  taken  by  means 
of  thermographs,  the  bulbs  of  which  were  placed  at  two  different 
depths,  7  inches  and  20  inches  respectively.  The  results  obtained  are 
summarized  below.  The  figures  show  the  number  of  hours  required  for 
the  heat  to  arrive  at  the  7''  depth,  as  indicated  by  the  rise  of 
the  temperature,  from  the  time  the  air  temperature  began  to  ascend. 

TABLE  8.— HEAT  CONDUCTIVITY  OF  FIELD  SOII«S  UNDER  CULTIVATED.  UNCULTIVATED 

AND  SOD  CONDITIONS. 


Date. 


Depth. 


Unculti- 
vated. 


Culti- 
vated. 


Sod. 


July  27  

August  5 .  .  .  . 
August  26 .  .  . 
August  27 .  .  . 
September  23 


4.0  hra, 
4.0  his 
3.30  hrs, 
4  hra. 
3.30  hrs. 


5.0  hrs. 
5.0  hrs. 
5.0  hrs. 
6.0  his. 
4.30  hrs. 


5.0  hi8. 
5  .30  hrs. 
6.0  hi8. 
5.30  his. 
5.0  hn. 


It  will  be  seen  in  every  observation  that  the  uncultivated  ground  al- 
lowed the  heat  to  pass  through  it  fastest  and  was  followed  in  order  by 
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about  one  hour  later  by  the  cultivated,  and  by  about  one  and  one-half 
hours  later  by  the  sod  land.  Evidently  the  uncultivated  ground  is  the 
best  conductor  of  heat,  the  sod  the  poorest,  while  the  cultivated  lies 
intermediate.  The  greater  moisture  content  in  the  cultivated  and  the 
vegetation  on  the  sod  plots  undoubtedly  affected  the  rate  of  heat  trans- 
mission. 


Mention  has  been  made  that  the  heat  conductivity  of  the  foregoing 
types  of  soil  was  also  studied  in  the  air  dry  condition.  The  object  of 
this  investigation  was  two-fold:  First,  it  was  desired  to  ascertain  the 
relative  heat  transmission  of  these  soils  in  their  water  free  state  as 
compared  with  the  transmission  in  their  moist  or  wet  state;  and  second, 
to  see  what  relationship  heat  conductivity  has  to  heat  radiation  of  soils 
in  the  air  dry  condition. 

This  study  was  conducted  in  the  same  manner  as  the  foregoing  with 
the  exception  that  the  vessel  used  to  hold  the  material  was  a  wooden 
cylinder  constructed  for  the  purpose,  instead  of  a  box  as  in  the  former 
experiments.  This  cylinder  consisted  of  white  pine  and  was  8  inches 
long,  4  inches  in  diameter  and  with  walls  1  inch  thick.  On  one  end 
was  a  wooden  cover  1  inch  thick  which  could  be  screwed  on,  and  on 
the  other  was  a  very  smooth  copper  plate  tightly  fastened  on.  The 
soil*  was  poured  in  always  from  the  side  with  the  wooden  cover  and 
then  compacted.  The  compacting  was  done  by  Bowman^s  compacting 
machine  with  few  modifications.  This  whole  apparatus  is  shown  in 
Fig.  2.  A  is  an  arrangement  especially  made  for  the  cylinder  to  rest 
on  the  copper  cover  and  placed  downward.  The  soil  was  poured  in 
the  top  of  the  cylinder  until  the  latter  was  full  and  then  the  crank 
was  turned  20  times.  The  cylinder  was  filled  more  and  the  crank  was 
turned  again  five  times.  The  cylinder  was  then  taken  off  the  pack- 
ing machine  and  all  the  edges  were  paraffined  to  make  it  air  tight,  and 
seven  thermometers  were  placed  along  its  axis  at  a  distance  of  one  inch 
apart  and  two  inches  deep.  The  cylinder  was  then  placed  on  a  stand 
as  in  the  preceding  experiment,  and  allowed  to  remain  in  the  room 
several  hours  in  order  that  the  soil  might  acquire  the  room  tempera- 
ture, the  latter  remaining  quite  constant  from  day  to  day.  The  copper 
end  of  the  cylinder  was  then  brought  in  contact  with  the  copper  side 
of  the  source  of  heat.  The  temperature  of  the  water  in  the  bath  was 
kept  at  about  33.5°  C.  as  in  the  foregoing  experiment,  and  the  time 
required  for  the  mercury  column  of  the  different  thermometers  to  show 
a  rise  was  noted.  For  simplicity  as  before,  only  the  data  for  the 
thermometer  7  inches  from  the  source  of  heat  are  represented  below. 


HEAT  CONDUCTIVITY  OF  SOILS  IN  THE  DRY  STATE. 


TABLK  9— HKAT  CONDUCTIVITY  OF  SOILS  IN  DRY  STATE. 


Minutes 


Percent  time 
required  for 
thermome- 
ter at  7"  to 
show  rise  in 
temperature. 


Name  of  soil. 


required  for 
thermome- 
ter at  7*  to 
show  rise  in 
temperature. 


Sand. . 
Gravel 


38  1' 
36.3 

49.7  1 

44  2  1 


55.2 
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As  in  the  case  of  the  preceding  experiments,  this  study  shows  that 
the  gravel  in  the  air  dry  condition  conducts  the  heat  the  hest  and  is 
followed  by  sand,  clay,  loam,  and  peat  respectively. 

A  most  interesting  fact  that  was  brought  out  very  strikingly  in 
this  heat  conductivity  study  of  the  diflfereut  soils  both  in  the  air  dry 
and  moist  state,  was  the  difference  in. time  in  which  the  temperature 
of  the  column  of  soil  began  to  rise  at  the  different  distances  from  the 
source  of  heat.  The  table  below  shows  typical  examples  of  this  fact. 
The  figures  represent  the  time  required  for  the  heat  to  travel  from  one 
inch  to  another. 


TABLE  10.— RATE  OF  RISE  OF  TKMPERATURE  AT  DIFFERENT  DISTANCES  FROM  THE 

SOURCE  OF  HEAT. 


Name  of  soil. 

1  inch. 

2  inch. 

3  inch. 

4  inch. 

5  inch. 

6  inch. 

7  inch. 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

Dry  quartz  sand  

2 
1 

7 

5 

6 
10 

12 
10 

7 

9 

3 
7 

3 
2 

It  will  be  seen  that  the  rate  of  flow  of  heat  decreases  until  a  certain 
distance  is  reached  and  then  it  increases. 

A  x>ossible  explanation  for  this  phenomenon  may  be  found  in  the 
rapid  circulation  of  the  soil  atmosphere  as  eddy  currents  within  the 
minute  spaces  between  the  soil  grains.  These  eddy  currents  are  prob- 
ably set  up  as  hot  soil  atmosphere  on  one  side  of  a  soil  cavity  which 
expands  and  moves  up  and  is  replaced  by  the  colder  gases.  This  circula- 
tion of  air  or  convectional  currents,  undoubtedly  greatly  decrease  the 
transfer  resistance  and  as  a  consequence  the  heat  conductivity  values 
obtained  do  not  represent  the  true  and  real  heat  conducting  power  of 
the  material.  To  obtain  this  it  is  necessary  to  eliminate  entirely  these 
convectional  currents.  They  can  be  eliminated  to  a  very  large  extent 
by  heating  the  soils  from  the  top  as,  is  done  under  field  conditions  by 
sun  insolation,  but  the  rate  of  diffusion  would  be  increased  in  this  case. 

As  a  result  of  the  part  that  these  convectional  currents  play  in  heat 
conductivity,  it  is  believed  that  the  greater  thermal  transmitting  power 
of  the  sand  over  the  other  soils  is  partly  due  to  its  capacity  to  allow 
a  greater  and  more  rapid  circulation  of  air. 

It  will  be  interesting  now  to  compare  the  heat  conducting  power  of 
the  different  soils  in  these  various  conditions,  both  as  to  order  and 
magnitude.  Attention  must  be  called  here,  however,  to  the  fact  that  the 
magnitude  of  the  results  of  the  air  dry  soils  cannot  be  compared  with 
those  of  the  moist  natural  soils  because  of  the  fact  that  the  size  of  the 
vessels  in  the  two  cases  was  not  the  same,  and  consequently  the  volume 
of  the  materials  was  not  the  same.  Therefore  the  comparison  must  be 
made  among  the  different  soils  within  the  same  experiment.  Bearing 
this  in  mind,  it  will  be  found  then  (])  that  the  order  of  the  thermal 
conductivity  of  the  different  types  of  soil  in  the  air  dry  condition  is  ex- 
actly the  same  as  that  of  the  same  soils  measured  in  the  natural  staje 
in  the  laboratory  and  under  field  conditions;  and  (2)  that  the  differ- 
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enees  in  magnitude  among  the  different  mineral  soils  in  the  air  dry  state 
is  not  very  great,  as  is  the  case  between  these  and  the  peat;  while  in 
the  moist  condition,  the  difference  among  the  various  mineral  soils 
is  also  not  highly  large  but  there  is  a  very  great  difference  between 
them  and  the  i)eat.  This  latter  anomaly  finds  its  explanation  in  the 
large  difference  in  the  water  content  of  the  two  classes  of  soils.  The 
variations  are  indeed  very  great,  as  shown  in  the  table  below  which 
contains  the  moisture  content  of  the  different  soils  determined  at  vari- 
ous periods,  also  at  the  time  when  the  soil  cores  were  taken. 


TABLE  11. 


-MOISTURE  CONTENT  OF  THE  DIFFERENT  SOILS  UNDER  FIELD  CONDITION 
AT  DEPTH  OF  7  INCHES. 


Date. 

(Jravel. 

Sand. 

Loam. 

Clay. 

Peat. 

10.45 

11.96 

40.70 

29.16 

256.ro 

July  27  

6.156 

3.60 

36.64 

25 .  V.O 

148.60 

10.41 

6.07 

41.49 

31 .96 

159.10 

November  4  . 

6.91 

3.78 

38.12 

26.81 

135.50 

October  20 

7.5 

4.24 

39.52 

27.60 

234.00 

These  figures  show  that  the  peat  usually  contains  about  25  times  as  much 
water  as  sand  or  gravel  do  and  about  5  times  and  4  times  as  much  water 
as  clay  and  loam  respectively.  Now  it  has  been  demonstrated  that  water 
exerts  a  tremendous  influence  upon  the  thermal  conductivity  of  soil 
materials  both  on  account  of  its  high  specific  heat  and  because  of  its 
influence  on  the  structure  of  the  soil.  It  has  been  shown  also  that 
water  is  a  poorer  conductor  of  heat  than  the  soil  material  in  the  ratio 
of  1 :7  when  the  latter  is  compacted  into  a  rock ;  yet  water  is  by  far 
a  better  thermal  transmitter  than  air.  In  a  well  moistened  state  a 
soil  may  transmit  heat  many  times  as  fast  as  in  the  air  dry  state. 
In  the  dry  state  the  soil  grains  are  surrounded  by  air  which,  acts  r.s 
an  insulation  to  the  passage  of  heat,  consequently  the  heat  transmission 
is  retarded.  In  the  well-moistened  condition,  however,  the  air  is  replac- 
ed by  the  water  and  the  soil  grains  are  enclosed  by  the  w^ater  films. 
These  water  films  perform  two  functions  (1)  they  replace  or  expel  the 
air  as  already  stated,  and  (2)  they  reduce  the  pore  space  and  thereby 
bring  the  soil  particles  in  more  intimate  contact  or  in  a  more  con- 
tinuous massive  condition.  It  is  by  producing  these  effects  that  water 
increases  so  greatly  the  thermal  conductivity  of  soils  so  that  its  own 
opposing  effect,  on  account  of  its  poorer  power  of  heat  transmission,  is 
offset  or  overshadowed.  If  water,  however,  is  present  in  a  soil  above 
a  certain  amount  which  amount  varies  with  the  different  soils  due  to 
their  different  water  holding  capacities,  the  temperature  of  this  soil 
Avill  rise  more  slowly  because  of  the  very  large  heat  capacity  o'f  water, 
which  is  almost  five  times  that  of  the  soil,  yet  heat  will  travel  faster 
thru  the  soil  in  the  more  saturated  condition  than  in  the  moist  state. 
It  is  on  account  of  the  greater  water  content  and  hence  of  the  larger 
specific  heat  that  the  peat  shows  poorer  heat  transmitting  power  than 
the  mineral  soils  in  their  natural  state  as  compared  in  their  air  dry 
condition.  It  is  an  interesting  coincidence  that  the  mineral  soils  and 
especially  the  sandy  soils  have  both  a  better  thermal  conducting  power 
and  a  smaller  water  holding  capacity  than  the  peat.    These  factors 
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seemingly  tend  to  exaggerate  the  thermal  relations  of  these  series  of 
soils  very  greatly. 

DIRECTION  OF  SOLAR  HEAT  IN  FIELD  SOILS. 

It  will  be  interesting  to  consider  at  this  time  the  direction  in  which 
the  solar  radiation  travels  thru  the  soil  and  the  part  that  the  moisture 
plays  in  this  progression.  At  fii*st  thought  it  would  seem  that  the  sur- 
face heat  will  travel  thru  the  soil  equally  in  all  dir(*ctions,  vertically 
as  well  as  horizontally.  Such,  however,  may  not  be  the  case  if  the  sur- 
face varies  in  color  or  in  other  respects,  as  the  following  experiments 
seem  to  indicate.  This  point  was  studied  in  the  following  manner:  On 
a  rerj  level  and  smoothed  surface  ground  was  spread  quartz  sand 
dyed  black  and  very  white  quartz  sand.  On  the  line  where  the  two 
sands  came  together,  as  well  as  on  each  side  of  this  line,  were  placed 
at  various  distances,  thermometers  at  the  same  and  at  different  depths. 
The  temperatures  of  this  ground  so  treated  w^ere  read  on  the  thermo- 
meters on  clear  and  sunny  days.  The  results  obtained  are  shown  here- 
with : 


TABLE  12.— MOVEMENT  OF  SOLAR  HEAT  IN  SOILS  UNDER  FIELD  CONDITIONS. 


Central  line  sharp,  ie..  black 
1  •  from  central  line  towards 
1 '  from  central  line  towards 
2'  from  central  line  towards 
2"  from  central  line  towards 
4  "  from  central  line  towards 
4  '  from  central  line  towards 
8'  from  central  line  towards 
8'  from  central  line  towards 
8'  from  central  line  toward^ 
S*'  from  central  line  towards 
2'  from  central  line  towards 
2'  from  central  line  towards 
8*  from  central  line  towards 
8*  from  central  line  towards 
1  *  from  central  line  towards 
1  •  from  central  line  towards 


and  white 
black. . . 
white .  .  . . 
black. . . 
white .  .  .  . 
black. . . 
white .  .  .  . 
black. .  . 

white  

black  . . 
white .  .  .  . 
black. . . 
white .  .  . . 
black. . . 
white . .  . . 
black. . . 
white .  . . . 


84.4'' 

84.4 

83.6 

86.0 

83.4 

86. 

82.8 

86.8 

82. 

84. 

80. 

8S 

82. 

82 

80.0 

81.6 

81 .0 


3*  deep. 
3  •  deep. 
3"  deep. 
3'  deep. 
3'  deep. 
3'  deep. 
3*  deep. 
3'  deep. 
3'  deep. 
4'  deep. 
4*  deep. 
4*  deep. 
4"  deep. 
5"  deep. 
5*  deep. 
6'  deep. 
5'  deep. 


The  data  show  (l)that  the  temperature  of  that  side  of  the  line  having 
the  white  sand  is  much  lower  than  that  of  the  side  with  the  black  sand, 
but  that  the  temperature  of  the  former  is  much  higher  near  the  neutral 
line  than  farther  aw^ay;  (2)  that  a  marked  diflference  in  temixirature 
may  exist  within  a  distance  of  an  inch;  and  (3)  that  the  temperature 
of  the  black  sand  covered  soil  is  hi^jher  at  the  4-inch  depth  than  the 
white  sand  covered  soil  at  the  3-inch  depth  when  the  measurements  in 
both  cases  are  taken  at  two  inches  from  the  central  line.  At  8  inches 
from  the  neutral  line  the  black  covered  soil  at  the  depth  of  5  inches 
has  also  a  slightly  higher  temperature  than  the  white  covered  soil  at  the 
depth  of  only  3  inches. 

These  results,  therefore,  seem  to  indicate  very  strongly  that  while  the 
soil  temperature  tends  to  travel  vTrtically  as  well  as  horizontally,  the 
amount  or  the  facility  with  which  it  goes  in  the  former  direction  is 
greater  than  in  the  latter  path.  Theoretically  that  is  what  should  be 
expected  since  heat  tends  to  travel  at  a  greater  rate  in  the  inTsence  of 
larger  amounts  of  moisture  and  since  the  moisture  content  of  the  soil 
tendf  to  increase  with  the  depth. 

iTie  important  question  to  consider  next  is  what  part  heat  conduc- 
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tivitj  plays  in  the  control  of  temperature  of  the  different  soils  under 
natural  field  conditions.  This  is  indeed  a  very  diflScult  question  to 
answer  definitely  and  satisfactorily  for  the  reason  that  these  soils  have 
different  water  holding  capacities,  consequently  the  great  influence  that 
this  inequality  of  water  content  has  upon  the  travel  as  well  as  upon 
the  rise  and  fall  of  temperature. 

It  is  commonly  believed,  however,  that  heat  conductivity  has  a  very 
important  and  beneficial  influence  because  the  soils  with  the  greater  heat 
conducting  power  are  generally  warmer  both  at  the  upper  surface  and 
at  lower  depths  due  to  the  fact  that  the  heat  travels  to  greater  depths 
during  the  sun  insolation  and  during  the  night  or  cold  periods,  tfiis 
heat  returns  to  the  surface  and  thus  keeps  it  warmer.  In  the  case  of 
soils  of  poor  thermal  transmitting  power  only  their  upper  surface  will 
be  heated  during  the  sun  insolation  and  during  the  night  this  heat  will 
be  radiated  into  space  and  the  soils  are  left  cooler. 

Theoretically  this  argument  is  sound,  but  in  nature,  as  shown  by  the 
results  of  the  different  types  of  soil,  later  to  be  presented,  it  does  not 
seem  to  be  borne  out.  It  will  be  found  that  in  the  summer,  fall,  and 
winter  months,  the  average  temperature  of  all  the  different  types  of 
soil  is  about  the  same  with  a  small  difference  in  favor  of  the  loam,  clay, 
and  peat  respectively.  In  the  spring  months,  however,  the  temperature 
of  the  sand  and  gravel  began  to  rise  sooner  than  that  of  the  latter 
soils.  This,  however,  may  h&  attributed  largely  to  the  different  amount 
of  heat  that  is  required  to  warm  a  cubic  foot  of  the  various  types  of 
soil  to  the  same  degree  on  account  of  their  different  water  content. 
The  sameness  in  temperature  of  these  soils  in  the  fall  is  also  largely 
due  to  their  different  moisture  content  or  specific  heats  as  will  be  ex- 
plained. 

'  Everything  considered  it  does  not  appear  that  heat  conductivity  alone 
plays  a  very  important  part  in  the  warming  and  cooling  of  the  soils  in 
the  spring  and  fall  respectively,  which  seasons  from  the  agricultural 
or  practical  standpoint  are  the  most  important.  The  force  of  this  state- 
ment will  be  evident  when  we  come  to  consider  the  results  of  the  field 
experiments.  Even  the  heat  conductivity  between  cultivated  and  un- 
cultivated soil  does  not  appear  to  be  of  such  a  great  practical  impor- 
tance. The  difference  in  temperature  that  is  observed  in  these  differently 
managed  soils  is  mostly  due  to  the  dry  mulch  at  the  surface  of  the  culti- 
vated soil. 

Where  heat  conductivity  may  be  of  great  importance  and  of  practical 
benefit  is  in  the  spring  daylight  hourly  march  of  soil  temperature.  If 
the  temperature  of  a  sandy  soil  at  a  depth  of  6  inches  begins  to  rise  two 
or  three  hours  earlier  every  day  than  that  of  a  clay  soil,  the  plants 
grown  in  the  former  soil  will  have  that  number  of  hours  of  more  favor- 
able daylight  growth,  at  which  time  the  carbon  assimilation  and  other 
activities  are  at  their  maximum. 
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EFFECT  OF  COLOR  ON  RADIATION  AND  THE  RADIATING 
POWER  OF  SOILS  UNDER  DIFFERENT  CONDI- 
TIONS OR  TREATMENTS. 

OBJECT  AND  METHOD  OF  EXPERIMENTATION. 

Radiation  has  already  been  defined  as  a  process  in  which  heat  is 
propagated  as  a  free-wave  motion  without  permanently  affecting  the 
intervening  space  between  the  radiating  body  and  the  body  receiving 
the  radiant  energy.  The  phenomenon  is  likened  to  light.  Like  the  latter 
it  is  propagated  in  straight  lines ;  it  is  reflected  and  refracted ;  it  travels 
with  great  rapidity ;  and  obeys  the  same  laws  of  propagation. 

Onr  knowledge  concerning  the  rate  of  radiation  or  of  cooling  of  sub- 
stances is  unsatisfactory.  Newton  seems  to  be  the  first  who  performed 
experiments  on  the  subject.  From  the  data  he  obtained  he  enunciated 
the  law  to  the  effect  that  the  quantity  of  heat  lost  or  gained  by  a  body 
in  a  second  is  proportional  to  the  difference  between  its  temperature 
and  that  of  the  surrounding  medium.  Dulong  and  Petit,  however, 
proved  that  this  law  is  not  general  but  applies  only  with  differences 
of  temperature  which  do  not  exceed  15°  to  20°.  Beyond  this,  the  quant- 
ity of  heat  lost  or  gained  is  greater  than  what  is  required  by  this  law. 

In  1879  Stefan  showed,  from  his  own  researches  and  from  recalculating 
his  predecessors'  data  upon  the  subject,  that  the  rate  of  radiation  of  a 
body  is  proportional  to  the  fourth  power  of  its  absolute  temperature. 

On  account  of  the  great  complexity  of  the  phenomenon  and  of  the 
insurmountable  difficulties  involved  in  the  technic,  the  radiating  power 
of  only  a  few  substances  has  been  determined.  This  limited  study, 
however,  has  conclusively  revealed  that  the  different  materials  have 
different  radiating  or  emissive  capacity.  This  is  also  true  of  the  same 
substance  in  different  conditions  and  in  different  temperatures. 

In  the  investigation  here  presented  the  main  object  has  been  to  dis- 
cover the  radiating  power  of  different  soils  under  various  conditions 
or  treatments  and  thereby  see,  if  possible,  to  what  extent  radia- 
tion affects  the  temperature  of  soils.  As  will  be  stated  later,  this  sub- 
ject has  remained  practically  unexplored.  Indeed,  there  has  been  only 
one  man  who  has  attempted  to  investigate  it. 

The  different  soils  experimented  with  were  quartz  sand,  gravel,  loam, 
clay  and  peat, — the  true  representatives  of  the  most  common  soils. 

These  soils  possess,  among  other  characteristics,  distinctive  differ- 
ences in  color.  It  is  a  common  opinion  that  color  has  a  very  marked 
effect  upon  the  radiation  as  well  as  upon  the  absorption  of  heat.  It 
is  claimed  that  radiation  and  absorption  are  closely  related,  that  the 
highest  absorbers  are  also  the  highest  radiators  and  the  lowest  ab- 
sorbers are  the  lowest  radiators.  A  black  substance  for  instance  being 
able  to  absorb  practically  all  the  heat  rays  on  account  of  its  low  re- 
flection, low  diffusive  and  high  absorptive  power,  is  a  high  heat  ab- 
sorber and  consequently  a  high  heat  radiator.  The  opposite  is  true 
of  a  white  substance.  A  white  substance  on  account  of  its  high  re- 
flective, high  diffusive  and  low  absorbing  power,  is  a  low  absorber  and, 
therefore,  a  low  radiator. 
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It  is  concluded  by  some  soil  physicists,  therefore,  that  a  black  soil 
attains  a  very  high  temperature  during  the  sun  insolation  but  in  the 
early  morning  its  warmth  is  about  the  same  if  not  lower  than  that  of 
a  light  colored  soil. 

A  number  of  physicists  have  investigated  the  effect  of  color  on  radia- 
tion but,  as  far  as  the  writer  is  aware,  only  two  have  studied  it  in  its 
application  to  soil  temperature.  The  first  worker  was  Lang.^*  His 
method  of  study  consisted  of  determining  the  radiation  of  a  white  sub- 
stance first  and  then  mixing  this  with  a  colored  substance,  such  as 
soot,  and  determining  again  the  radiation  of  the  mixture.  He  conclud- 
ed from  his  results  that  color  affects  radiation  and  absorption  equally 
well. 

Several  years  later  ^'Ahr  reinvestigated  the  subject.  He  employed  a 
slightly  different  arrangement  in  the  apparatus  but  used  practically 
the  identical  material  of  Lang.  He  obtained  results  which  were  prac- 
tically the  same  as  his  predecessors'  but  he  did  not  deduct  the  same 
conclusions.  He  thought  that  the  difference  in  radiation  observed  in 
the  various  colored  substances  might  be  due  to  the  composition  of  the 
material  rather  than  to  the  color. 

Since  this  question  was  still  unanswered,  and  since  it  was  desirable 
to  know  definitely  whether  color  does  affect  radiation  in  order  to 
arrive  at  proper  conclusions  on  the  radiating  power  of  the  different 
types  of  soil  already  mentioned,  it  was  deemed  necessary  and  advisable, 
to  investigate  the  subject.  Such  investigation,  it  appeared,  should  be 
conducted  differently  from  that  of  the  previous  investigators  if  more 
definite  and  conclusive  results  were  to  be  obtained.  One  of  the  greatest 
difficulties  that  this  study  presents,  is  the  fact  that  there  is  no  single 
substance  of  the  same  composition  which  contains  all  the  different  rays 
of  the  spectrum.  It  seemed,  however,  that  this  difficulty  might  be  over- 
come, to  some  extent  at  least,  by  the  following  procedure:  Instead  of 
using  different  solid  materials  of  entirely  unlike  composition  to  obtain 
the  different  colors,  it  was  thought  best  to  use  the  same  kind  of  solid 
material  colored  with  the  different  aniline  dyes.  The  solid  substance 
employed  was  quartz  sand  and  its  radiation  as  affected  by  color  was 
measured  by  an  apparatus  to  be  described. 

The  instruments  commonly  employed  in  studying  or  measuring  radia- 
tion are  the  thermopile  and  bolometer.  The  bolometer  is  the  more 
sensitive  instrument  of  the  two.  On  account  of  various  reasons,  how- 
ever, it  could  not  be  obtained;  consequently  at  the  beginnings  of  the 
work  a  high  grade  thermopile  with  a  very  sensitive  galvanometer  were 
employed. 

The  results  obtained  by  this  method  were  unsatisfactory  because  of 
the  fact  that  one  end  of  the  thermopile  was  exposed  to  the  room  tempera- 
ture, a  slight  change  in  which  would  change  the  readings.  In  order 
to  overcome  this  difficulty  a  thermopile  was  constructed  one  end  of 
which  could  be  kept  in  ice  water  and  thus  kept  under  a  better  controlled 
temperature.  This  change  or  improvement,  however,  proved  of  no 
avail  as  the  electomotive  force  was  so  great  on  account  of  the  large 
difference  in  temperature  between  the  two  ends  that  the  deflection  on 
the  unshunted  galvanometer  would  invariably  go  beyond  the  scale. 


(12)  Forsrh.  a.  d.  (1.  d.  Aprik.  Phv.  1,  1878. 

(13)  Forsch.  a.  d.  G.  d.  Agrik.  Phy.  XVTI,  1894. 
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On  account  of  these  obstacles,  also  because  of  the  fact  that  the  ac- 
curacy of  the  thermopile  is  considerably  reduced  by  the  many  acci- 
dental electrical  currents,  the  thermopile,  as  a  radiometer,  was  finally 
abandoned  in  favor  of  a  Beckmann  thermometer.  This  thermometer  gave 
very  satisfactory  results. 

The  complete  apparatus  employed  for  the  study  is  shown  by  diagram 
3.  With  the  exception  of  part  M,  it  is  the  same  as  in  Fig.  I.  The 
part  or  vessel  M  is  a  box  in  which  was  placed  the  sand  whose  radiation 
was  to  be  studied.  It  is  made  all  of  copper  and  it  is  6  inches  in  each 
dimension.  Inside  of  all  four  sides  were  placed  asbestos  strips  %-inch 
thick  and  about  10  inches  high,  or  4  inches  higher  than  the  sides,  and 
extending  to  the  bottom — ^they  were  intended  to  prevent  any  side  radia- 
tion from  the  copper  vessel  or  other  sources  to  the  thermometer.  The 
box  was  filled  with  the  sand  to  a  certain  height  so  that  the  upper  surface 
of  the  sand  would  be  even  with  the  upper  surface  of  the  water  in  the 
constant  temperature  bath,  and  was  left  in  the  latter  about  24  hours 
in  order  to  acquire  the  constant  temperature.  The  thermometer  was 
placed  about  one  inch  from  the  surface  of  the  sand  and  its  bulb  was 
protected  from  any  side  radiations  by  the  cone  or  hood. 

Near  the  radiation  receiving  Beckmann  thermometer  was  placed  an- 
other Beckmann  thermometer  to  indicate  the  room  temperature.  Their 
readings  were  taken  simultaneously  and  when  the  reading  of  the  first 
thermometer  is  divided  by  that  of  the  second,  a  ratio  is  obtained  which 
is  designated  as  the  radiating  power  of  any  particular  color  or  soil. 
Throughout  this  investigation,  then,  the  relative  radiating  power  of 
different  materials  is  reduced  to  this  ratio. 

This  method  of  measuring  the  radiating  power  of  substances  gave 
most  satisfactory  results.  If  the  room  temperature  was  exactly  the 
same  the  readings  of  duplicate  experiments  could  be  checked  to  less 
then  1%.  In  the  measurement  or  study  of  the  radiating  power  of 
any  color  or  soil,  therefore,  the  readings  of  the  two  thermometers  were 
taken  when  the  room  temperature  ,  was  about:  the  same  as  in  the  previous 
or  standard  experiment  and  the  variation  did  not  exceed  0.2**  C.  To 
eliminate  also  any  errors  that  may  arise  on  account  of  the  different  re- 
flective powers  of  the  various  materials,  the  readings  were  taken  in 
every  case  in  dark. 


EFFECT  OF  COLOR  ON  RADIATION. 

There  were  six  different  colored  sands  in  which  the  radiation  was 
measured  by  the  foregoing  method.  These  were  white,  black,  blue, 
green,  red  and  yellow.  The  white  was  the  uncolored  sand.  The  results 
obtained  are  given  herewith: 

TABLE  13.— THE  RADIATION  OF  DIFFERENT  COLORED  SANDS. 


Name  of  colored  sands. 

Radiation 
ratio. 

Percent 
radiation. 

1.060 
1.051 
1.046 
1.040 
1.050 
1.048 

100.0 
99.15 
98.10 
98.12 
99.06 
98.87 
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The  first  column  of  figures  from  the  left  represent  the  relative  radia- 
tion ratio.  The  last  column  contains  the  same  data  reduced  to  the 
percentage  basis  with  the  white  sand  as  100%  or  unit.  A  glance  at 
these  figures  reveals  at  once  the  fact  that  the  radiating  power  of  the 
different  colored  sands  is  the  same,  the  greatest  range  being  between 
the  white  and  green  sands  which  is  only  1.88%  and  which  is  quite  within 
the  experimental  error. 

Prom  these  data  we  are  justified  in  concluding  that  color  has  no  effect 
6n  radiation,  at  least  at  this  low  temperature.  It  does  have  on  absorp- 
tion, however,  as  will  be  shown  below. 

BPPBCT  OP  COLOR  ON  ABSORPTION  OP  HEAT. 

This  study  was  conducted  by  filling  wooden  boxes  12  inches  square, 
2  inches  high  with  bottom  and  no  top,  with  the  various  colored  sands  em- 
ployed in  the  preceding  investigation,  placing  them  outdoors  during 
hot  and  clear  days  and  recording  the  temperature  at  various  intervals 
for  24  or  more  hours,  with  mercury  thermometers  graduated  to  0.1°  C. 
There  were  several  experiments  conducted  but  for  the  sake  of  brevity 
only  two  are  given  here.  The  first  was  conducted  on  July  27  when 
the  sky  was  perfectly  clear  from  early  morning  till  about  6  in  the  after- 
noon. From  this  hour  on  the  sky  was  clouded  and  about  five  o'clock  the 
next  morning  it  began  to  rain.  The  temperature  records  were  taken 
every  hour  during  all  this  time.  The  second  experiment  was  performed 
on  August  5.  This  day  was  also  hot  and  the  sky  perfectly  clear  from 
clouds  from  morning  till  evening  and  even  on  the  succeeding  day.  The 
temperature  was  recorded  every  hour  till  the  maximum  was  attained 
and  then  at  various  intervals  till  late  at  night,  again  at  4:30  the  next 
morning  before  the  sun  appeared.  In  the  table  below,  however,  only 
the  maximum  and  minimum  readings  of  both  experiments  are  given. 
The  minimum  .readings  were  taken  in  order  to  obtain  further  light 
on.  the  effect  of  color  on  radiation. 


TABLE  14.— EFFECT  OF  COLOR  ON  THE  RISING  AND  LOWERING  Of  TEMPERATURE. 


Name  of  colored  sand. 

July  27-28. 

August  5-6. 

Max. 

Min. 

Max. 

Min. 

2:00  p.  m. 

4:00  a.  m. 

1:30  p.  in. 

4:30  a.  m. 

Black  

40.9  "C 

40.0 

38.55 

37.10 

35.8 

34.6 

16.7  "C 

16.65 

16.65 

16.60 

16.60 

16.44 

37.6  «»C 

36.7 

35.9 

34.7 

32.65 

31.7 

12.45«C 

12.4 

12.4 

12.3 

12.25 

12.2 

Blue  

Red  

YeUow  

The  figures  obtained  at  both  times  show  that  the  various  colors  have 
a  most  significant  different  absorptive  power  for  the  rays  of  the  sun. 
The  black  absorbed  the  greatest  amount  and  hence  attained  the  high- 
est temperature,  followed  in  order  by  blue,  red,  green,  yellow  and  white, 
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respectively.  The  difTerence  between  the  black  and  white  on  July  27 
was  6.3''  C.  and  on  August  5.6°  C.  The  different^es  between  the  other 
colors  are  not  so  p;reat,  es|)ecially  between  the  black  and  the  blue,  the 
yellow  and  the  white,  the  red  and  the  green. 

The  niininiuni  figures,  on  the  other  hand,  show  very  conclusively  at 
both  times  that  the  temperature  of  all  the  different  colored  sands  is 
practically  the  same,  the  diflference  in  any  extreme  not  being  more  than 
.8°  C.  and  in  favor  of  the  sands  which  had  attained  the  highest  tem- 
perature. These  results  are  interesting  because  they  lend  further  con- 
firmation to  the  conclusions  already  announced  that  color  has  no  effect 
upon  radiation.  This  conclusion,  however,  may  be  objected  to  because 
if  the  different  colored  sands  attained  different  temperatures  during  the 
sun  insolation  because  of  their  different  absorptive  powers,  while  dur- 
ing the  night  they  all  cooled  to  the  same  point,  then  they  radiated 
differently,  and  therefore  those  colors  which  caused  the  highest  absorp- 
tion lost  the  most  heat.  This  is  all  true  but  those  sands  which  lost  the 
most  heat  did  not  do  so  on  account  of  the  greater  radiation  of  their 
color,  but  rather  because  of  the  difference  between  their  temperature 
and  that  of  the  air.  The  law  of  cooling  as  announced  by  Newton  states 
that  the  rate  of  cooling  of  a  body  is  proportional  to  the  difference  in 
temperature  between  its  own  and  that  t)f  the  surrounding  medium, 
while  the  similar  law  of  Stefan  states  that  the  rate  of  cooling  or  radia- 
tion of  a  body  is  proportional  to  the  fourth  power  of  its  absolute  tem- 
perature. 

Theoretically  speaking  color  should  have  no  effect  upon  radiation  be- 
cause all  colors  emit  in  dark,  rays  of  low  refrangibility  which  are  the 
same  while  the  rays  they  absorb  from  the  sun  are  of  high  refrangibility 
and  are  different.  The  different  radiating  power  obsened  in  the  differ- 
ent colored  substances  is  probably  due,  therefore,  to  the  difference  in 
their  composition  rather  than  to  their  color. 


RADIATING  POWER  OP  NATURAL  SOILS. 

The  radiating  power  of  different  soils  was  studied  under  three  differ- 
ent conditions  or  treatments:  (1)  in  dry  and  powder  state;  (2)  with 
moist  subsurface  and  dry  surface;  and  (3)  in  the  natural  condition. 
For  convenience  these  headings  wnll  be  considered  in  reverse  order. 

As  has  already  been  stated  the  radiating  power  of  soils  has  been 
studied  thus  far  only  by  Ahr.^*  He  conducted  experiments  on  the 
radiating  capacity  of  different  kinds  of  soils  in  the  dry,  moist,  and  wet 
condition.  In  the  dry  condition  he  obtained  the  following  results: 
quartz  96.5,  loam  94.4,  calcareous  sand  94.1,  kaolin  91.5,  and  humus 
89.8%.  In  the  moist  and  wet  condition  the  values  were  higher  but  were 
the  same  for  all  the  soils. 

In  the  investigation  of  heat  conductivity,  natural  cores  of  soils  were 
employed.  These  same  cores  of  the  different  types  of  soil  were  also 
used  in  the  study  of  radiation  with  the  object  of  arriving  at  more  defi- 
nite and  practical  ronclnsions  as  to  their  radiating  power. 

The  study  was  conducted  by  taking  off  both  covers  of  the  box  con- 
taining the  core,  pushing  the  latter  very  gently  with  a  block  of  board 

(14)  Forsch.  a.  d.  G.  d.  Agrik.  Phy.  XVII,  1894. 
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of  the  same  size  as  the  inner  side  of  the  box,  until  it  was  about  1  inch 
from  the  top  of  the  box.  That  portion  of  the  core  which  extended  be- 
yond the  edge  of  the  other  end  of  the  box  was  cut  off  carefully  with  a 
sharp  knife.  The  box  containing  the  core  was  then  placed  in  a  metallic 
vessel  with  bottom  and  no  top  and  made  especially  to  fit  this  box.  That 
side  of  the  core  which  rested  on  the  bottom  of  the  vessel,  was  the  sub- 
soil, while  that  side  which  was  exposed  and  came  to  one  inch  from  the 
top  of  the  box  was  the  surface  soil.  The  latter  side  was  then  covered  with 
a  very  thin  sheet  of  mica  in  order  to  prevent  evaporation  which  would 
have  affected  the  radiation.  This  mica  being  diathermous  permitted  the 
passage  of  the  radiant  energy.  The  sheet  was  of  the  same  dimensions 
as  the  box  so  that  it  rested  upon  its  edges  and  was  about  one  inch  above 
the  surface  soil.  Its  ends  were  fastened  to  the  edges  of  the  box  by 
means  of  paraffin,  thus  making  the  box  air  tight.  An  extension  box 
5  inches  high  and  8  inches  in  diameter  was  placed  on  the  top  of  this 
other  box  and  was  also  fastened  on  by  paraffin.  The  ends  of  the  mica 
came  then  between  the  edges  of  the  two  boxes.  The  second  or  extension 
box  was  placed  there  in  order  to  prevent  side  radiations  on  the  bulb  of 
the  thermometer  when  it  was  brought  one  inch  from  the  surface  of  the 
mica  to  receive  the  radiation  of  the  soil.  The  metalic  vessel  contain- 
ing the  prepared  soil  box  was  then  placed  into  the  constant  temperature 
bath,  the  temperature  of  which  always  remained  at  about  33°  C.  and 
not  varying  more  than  0.2°  C.  On  the  top  of  this  vessel  were  bended 
horizontal  edges  by  means  of  which  it  was  hung  from  the  top  or  cover 
of  the  water  tank.  In  this  manner  the  surface  of  the  soil  was  always 
below  the  surface  of  the  water  in  the  tank.  The  soil  was  left  in  the 
bath  about  24  hours  in  order  to  acquire  the  constant  temperature  and 
the  radiation  readings  were  taken  in  the  same  manner  as  in  the  preced- 
ing experiment.  The  radiating  power  of  the  cores  of  all  the  different 
soils  was  studied,  then,  in  this  manner  and  the  results  obtained  are 
given  in  the  following  table: 


TABLE  15.— RADIATING  POWER  OF  THE  CORES  OF  THE  DIFFERENT  SOILS. 


Name  of  soil. 

Radiation 
ratio. 

Percent 
radiation. 

Percent 
moisture^ 

Sand  

1.697 
1.694 
1.682 
1.690 

100.00 
99.82 
99.01 
99.59 

4.24 
39.20 
27.6 
234.00 

Peat  

Water  

1.946 

114.70 

It  is  at  once  seen  tJiat  all  the  different  types  of  soil  in  their  natural 
and  well-moistened  condition  possess  exactly  the  same  radiating  power. 
Water,  however,  has  a  different  and  much  higher  radiating  capacity. 
Evidently  these  results  agree  with  those  of  Ahr's. 

RADIATION  OF  SOILS  WITH  MOIST  SUBSURFACE  AND  DRY  SURFACE. 

Daring  the  warm  part  of  the  year  the  soils  have  a  dry  surface  and 
a  moist  subsurface.    In  order  to  ascertain  what  effect  this  condition 
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would  have  upon  their  radiating  capacity  the  study  presented  below 
was  undertaken. 

It  is  unfortunate  that  natural  soils  could  not  also  be  used  for  this 
investigation.  The  study,  therefore,  had  to  be  conducted  with  artificial 
soils  in  the  following  manner:  The  soil  was  finely  ground,  moistened, 
put  into  the  same  vessel  as  that  which  contained  the  core  of  soil,  well 
compacted,  covered  with  the  sheet  of  mica  and  the  extension  box  put  on. 
The  radiation  readings  w^ere  then  taken  as  in  the  previous  case.  Then 
about  an  inch  of  the  moist  soil  was  removed  and  replaced  by  the  same 
kind  of  soil  in  a  dry  and  powered  form.  The  box  was  prepared  as  usual 
and  the  radiation  taken  again.  The  difference,  if  any,  between  the  first 
and  second  readings  would  show  whether  dry  surface  with  moist  subsur- 
face affected  the  radiation  in  any  way  differently  from  the  moist  sur* 
face  and  subsurface.  The  data  obtained  in  this  study  are  given  in  the 
table  below: 

TABLE  16— RADIATION  OF  SOILS  WITH  DRY  SURFACE  AND  MOIST  SUBSURFACE. 


Name  of  soiL 

Radiation 
ratio. 
Moist 
surface. 

Radiation 
ratio. 
Dry 
surface. 

Per  cent 
radiation. 

Moist 
surface. 

Percent 
radiation. 

Dry 
surface. 

Percent 
moisture. 

Gravel 

1 .668 

1.542 

100 

92.44 

4  76 

Sand 

1 .668 

1.553 

100 

93.10 

5  32 

Loam  . .  . 

1.678 

1.624 

100 

90.89 

25  85 

Clay  ... 

1  670 

1 . 530 

100 

91.06 

17  25 

Peat  

1.502 

1  .293 

100 

86  09 

84.94 

Water 

1  .946 



This  table  shows  very  conclusively  that,  all  the  different  soils  with 
a  dry  surface  radiate  less  than  with  a  moist  surface.  In  other  words 
a  dry  surface  greatly  reduces  the  amount  of  radiation.  It  will  be 
seen  that  all  the  mineral  soils  radiated  from  7  to  9%  and  the  peat  15% 
less  when  they  are  covered  with  a  dry  thin  layer  of  soil  than  when 
all  the  mass  is  moist.  It  is  interesting  to  observe  that  all  the  mineral 
soils  radiated  about  the  same  when  moistened  through  which  confirms 
the  results  of  tlie  preceding  experiment — and  that  their  radiation  is 
cut  down  to  about  the  same  amount  by  their  respective  dry  mulches. 
The  peat,  however,  shows  somewhat  a  lower  radiation.  Another  note- 
worthy fact  is  the  insignificant  difference  in  radiation  between  any  of 
the  mineral  soils  when  they  are  almost  saturated  and  when  medium 
moist.  By  comparing  the  first  column  of  the  above  table  with  the 
corresponding  one  in  table  15,  it  is  at  once  seen  that  the  difference 
does  not  amount  to  more  than  1%.  In  the  case  of  peat,  however,  the 
difference  runs  as  high  as  11%. 

RADIATION  OF  SOILS  IN  DRY  STATE. 

Mention  has  already  been  made  that  the  radiating  pokier  of  the  differ- 
ent types  of  soil  was  determined  also  in  their  air  dry  state.  This 
study  has,  of  course,  more  theoretical  than  practical  value  but  it  was 
undertaken  with  a  three-fold  purpose  in  view:  It  was  desired  to  ascer- 
tain (1)  the  relative  radiating  power  of  these  soils  in  their  dry  condi- 
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tion ;  (2)  to  see  how  this  compared  with  their  radiating  power  in  their 
moist  state;  and  (3)  to  compare  their  radiating  power  with  their  heat 
transmitting  power,  in  their  air  dry  condition.  The  investigation  was 
conducted  in  the  same  manner  as  the  preceding  one  with  the  exception 
that  in  the  present  case  all  the  soils  were  dry  and  their  particles  were 
of  about  the  same  size,  i.  e.,  they  passed  a  40  mesh  sieve.  This  latter 
precaution  was  taken  because  preliminary  experiments  showed  that 
radiation  tends  to  increase  slightly  with  the  increase  in  size  of  parti- 
cles.   The  results  obtained  are  given  in  the  following  table: 


TABLE  17.— RADIATION  OF  THE  DIFFERENT  SOII^  IN  THEIR  DRY  CONDITION. 


Name  of  soil. 

Radiation 
ratio. 

Percent 
radiation. 

Sand  

1.472 

100.00 
93.4 
93.0 
94.45 
81.12 

Gravel  

1.375 
1 .369 
1 .391 
1.194 

Clay  

Peat  

Water  

1.946 

132.2 

This  table  shows  that  the  radiating  power  of  the  different  soils  in 
the  dry  condition  is  different,  that  the  sand  shows  the  highest  radia- 
tion, followed  in  order  by  the  gravel,  clay,  loam  and  peat,  respectively 
and  that  the  difference  between  the  first  and  last  soil  is  very  marked. 
This  latter  fact  is  highly  important  because  it  lends  further  evidence  t^ 
the  theory  that  radiation  is  independent  of  color.  The  table  also  shows 
that  water  exhibits  the  greatest  radiating  power.  This  would  point 
to  the  conclusion  that  it  is  the  water  which  increases  so  markedly  the 
radiating  power  of  moist  soils,  and  which  overshadows  their  radiation 
possessed  in  their  dry  state.  This  greater  radiating  capacity  of  water 
is  contrary  to  the  common  belief.  The  widely  held  opinion  is  that  water 
radiates  its  heat  with  greater  difficulty  than  any  soil  material.  The 
truth  of  the  matter  is,  however,  that  water  loses  its  heat  slowly,  not 
because  of  its  low  radiating  power  but  because  of  its  high  heat  capacity. 

It  has  been  stated  that  the  radiating  power  of  these  different  soils 
in  their  dry  condition  was  investigated  partly  in  order  to  compare  it 
with  their  heat  conducting  power.  The  results  show  that  the  two  prop- 
erties run  together,  a  fact  contrary  to  the  statements  of  some  physicists. 

It  now  remains  to  consider  the  practical  significance  of  the  forego- 
ing results.  The  studies  on  the  specific  heat  (of  dry  soils)  and  heat 
transference  in  natural  soils  led  to  the  conclusion  that  these  two  prop- 
erties play  a  small  part  in  determining  the  temperature  of  the  differ- 
ent soils,  especially  during  the  important  seasons  of  the  year.  Radia- 
tion plays  still  a  smaller  part.  This  inference  is  inevitable  in  the  light 
of  what  has  already  been  obtained.  It  has  been  conclusively  shown 
that  all  the  different  types  of  soil  when  well  moistened  possess  exactly 
the  same  radiating  power,  and  when  they  have  a  thin  layer  of  dry  mulch 
this  power  varies  only  slightly.  This  means  then  that  all  these  soils, 
under  field  conditions,  cool  at  the  same  rate  as  far  as  their  property  of 
radiation  is  concerned,  the  different  rate  of  cooling  and  warming  that  is 
actually  observed  among  these  soils  is,  therefore,  due  mostly  to  their 
different  moisture  contents  and  hence  to  their  different  specific  heats. 
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TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL. 

OBJECT  AND  METHOD  OF  BXPEEIMBNTATION. 

This  phase  of  the  project  had  for  its  primary  purpose  the  investiga- 
tion of  the  temperature,  under  field  conditions,  of  the  most  common 
and  representative  types  of  soil,  namely,  gravel,  sand,  loam,  clay  and 
peat.  These  soils  possess  so  many  distinct  differences  in  their  physical 
and  chemical  properties  that  it  was  desired  to  ascertain  whether  their 
temperature  relationships  would  also  be  different.  The  mechanical 
analysis,  as  determined  by  the  centrifuge  method,  and  the  percentage  of 
organic  matter,  as  determined  by  the  loss  on  ignition  method,  of  these 
soils,  are  shown  in  the  following  table: 

TABLE  18a.- MECHANICAL  ANALYSIS  AND  PERCENTAGE  OF  ORGANIC  MATTER  OF  THE  DIFFERENT 

TYPES  OF  SOIL. 


—J 

t3 

a  . 

o 

i 

hi 

eS 

Soils. 

Stones. 

1 

1  Fine  grave 
2.  -  1.  ^ 

Coarse  san 
1.  —  .5. 

1 

Medium  pi 
.5 -.25 

Fine  sand 
,25 -.1 

Very  fine  i 
.10  —  2 

Silt  .05  - 

Clay  0.005 

Per  cent, 
ganic  m 

32 

9.70 

20  20 

51.90 

7.10 

1.34 

5.47 

4.23 

4.08 

Sand  

1.42 

13  25 

67.85 

13.10 

1.65 

1.02 

1.71 

2.45 

1.66 

2.70 

13.82 

11.66 

8.70 

47  24 

14.22 

12.41 

Clay..  

1.78 

1.72 

3.69 

61.13 

31.68 

7.97 

Peat  

71.61 

Our  knowledge  concerning  the  temperature  of  these  different  types 
of  soil  is  very  meager.  Only  two  investigators  appear  to  have  studied 
the  subject:  ^'^Wollny  and  ^^Ebermaj-er.  WoUny  made  observations  of 
the  temperature  of  sand,  clay,  and  peat  for  long  time.  He  noticed  that 
sand  heats  and  cools  with  the  greatest  rapidity  followed  by  clay  and 
peat  and  that  their  average  temperature  of  long  period  differs  but  slight- 
ly. Ebermayer  studied  the  temperature  of  sand,  clay,  loam  and  peat. 
From  the  data  he  obtained  he  arrived  at  practically  the  same  conclu- 
sions as  Wollny. 

The  present  investigation  was  conducted  in  the  following  manner: 

A  long  trench  was  dug  on  a  smooth  and  slightly  rolling  piece  of  ground 

a  little  over  3  feet  deep  and  3  feet  wide.  A  layer  of  sandy  soil  about 

G  inches  deep  was  spread  over  the  bottom  of  this  trench  so  that  there 

would  be  a  uniform  bottom.    Into  this  trench,  about  one  foot  apart, 

were  placed  five  wooden  boxes  3x3x3  feet  without  bottom  or  top. 

These  boxes  were  first  filled  with  the  above  different  types  of  soil  about 

the  latter  part  of  September,  1911,  were  flooded  several  times  in  order 

to  compact,  and  finally  were  covered  with  a  very  thin  layer  of  the  same 

kind  of  soil  in  order  to  eliminate  the  factor  of  color.   The  effect  of  this 

factor  was  investigated  in  a  separatB  experiment.    Their  temperature 

recording  was  preliminarily  begun  in  the  middle  of  November,  but  was 
■  J  

(15)  Forsch.  a.  d.  G.  d.  Agrlk.  Phy.  XIX:  305.  1896. 

(16)  Forsch.  a.  d.  G.  d.  Agrik.  Phy.  XIV:  399,  1891. 
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really  commenced  on  December  1.  The  temperatures  were  taken  daily 
except  Sundays  throughout  the  year  by  means  of  electrical  resistance 
thermometers  at  three  different  depths,  6,  12  and  18  inches,  at  7  a.  m., 
12  m.,  and  6  p.  m.  The  electrical  resistance  thermometers  were  obtained 
from  Leeds  and  Northrup,  Philadelphia,  Pa.,  and  consisted  of  the  resist- 
ance bulb  and  35  ft.  wire  leads.  The  latter  were  incased  in  lead  pipes 
so  as  to  keep  them  dry  and  well  insulated.  The  ends  of  these  leads 
were  run  into  a  house  especially  constructed  for  the  purpose.  In  this 
house  also  was  kept  on  a  permanent  stand,  a  balance  indicator  upon 
which  the  temperatures  were  indicated. 

This  electrical  temperature  measuring  apparatus  gave  satisfactory 
results.  If  the  indicator  was  in  good  working  order  the  readings  could 
be  relied  upon  to  be  accurate  to  within  0.2°  to  0.5°  F.  The  accuracy  and 
sensitiveness  was  not  as  high  as  it  was  desired,  but  this  lack  was  some- 
what compensated  or  overcome  by  taking  three  readings  daily  and  aver- 
aging them.  Furthermore,  when  it  is  considered  that  the  high  and  low 
temperatures  recorded  during  the  day  do  not  represent  the  real  maximum 
and  minimum  temperatures,  then  the  accuracy  of  the  apparatus  is  suffi- 
ciently high. 

As  already  stated  the  soil  temperature  obtained  under  field  conditions 
is  the  resultant  of  many  factors.  These  factors  may  be  divided  into  two 
general  groups,  intrinsic  and  external.  The  intrinsic  factors  comprise 
specific  heat,  heat  conductivity,  thermal  absorption  and  radiation,  speci- 
fic gravity,  texture  and  structure,  topographic  position,  concentration 
of  the  soil  solution,  moisture  content,  etc.  The  external  includes  the 
meteorological  elements,  chief  of  which  are  air  temperature,  sunshine, 
wind  velocity,  barometric  pressure,  precipitation,  dew  point,  humidity, 
etc.  The  intrinsic  factors  vary  with  the  different  soils  and  control  their 
temperature  for  any  particular  day  or  season.  They  arfe  acted  upon  by 
the  external  factors  which  cause  the  soil  temperature  to  vary  from  day 
to  day  as  they  themselves  vary.  Variations  in  temperature,  therefore, 
in  the  different  types  of  soil  for  any  particular  period  will  depend  upon 
their  different  intrinsic  factors,  but  the  variations  of  all  these  soils  for 
succeeding  days  will  depend  upon  the  external  factors.  These  meteoro- 
logical elements  influence  the  soil  temperature  either  directly  or  indi- 
rectly. Pressure,  fof  instance,  exerts  an  indirect  effect  by  either  depress- 
ing or  accelerating  evaporation.  The  amount  of  evaporation  is  least 
when  the  barometric  pressure  is  high  and  greatest  when  it  is  low. 

In  connection  with  the  study  of  the  soil  temperature  of  the  foregoing 
soils,  these  external  meteorological  factors  or  elements  have  also  been 
studied.  With  the  exception  of  the  air  temperature  which  was  recorded 
by  an  air  thermograph  located  near  the  soil  plots,  all  the  other  at- 
mospheric elements  were  recorded  by  the  proper  instruments  at  the 
Weather  Bureau^^  office  which  is  situated  only  a  very  short  distance  from 
the  experiment. 

The  following  tables  show  the  daily  and  monthly  average,  maximum 
and  minimum,  also  the  seasonal  and  yearly  average,  maximum  and  mini- 
mum, temperature  of  the  five  different  types  of  soil.  Each  table  is  ac- 
companied by  a  diagram  to  show  in  a  graphic  representation  its  salient 

(17)  The  writer  wishes  to  express  his  gratitude  to  Mr.  D.  E.  Sceley  for  permission  to  consult  and 
use  these  weather  records. 
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facts,  also  the  daily  march  of  the  meteorological  elements  and  their  in- 
fluence npon  the  soil  temperature. 

PAILY  AND  MONTHLY  AVERAGE  TEMPERATURE. 
TABLE  18.-DAILY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  DECEMBER,  1911. 


8rtv«l. 

Siiid. 

Loam. 

Cloy. 

Pott 

Date. 

I* 

12' 

18' 

8* 

12* 

18* 

8' 

12' 

18' 

8' 

12* 

18' 

8' 

12' 

18' 

1  

31 .8 

33.33 

36.36 

31.83 

33.83 

37.06 

31.96 

34.5 

37.16 

31.96 

34.53 

36.53 

31.93 

34.33 

37.36 

2  

31.6 

33.23 

36.43 

31.4 

33.6 

36.86 

31.83 

34.5 

37.56 

31.73 

34.73 

36.4 

32. 

34.3 

37.63 

4  

31.6 

33.33 

36.46 

32. 

34.13 

36.56 

32.06 

36.96 

36.96 

32.1 

84.63 

36.8 

31.96 

34.33 

37.43 

5  

32.43 

34.23 

36.33 

31.9 

33.93 

36.8 

32.06 

36.96 

36.93 

32.46 

34.9 

38.73 

32.43 

34.33 

37.3 

6  

32.26 

33.8 

36.33 

31.96 

33.9 

36.63 

32.4 

34.43 

36.93 

32.33 

34.43 

36.43 

32.06 

34.3 

37.06 

7  

31.6 

33.33 

35.86 

31.46 

33.43 

36.1 

31.8 

33.96 

36.53 

32. 

33.93 

36. 

31.8 

33.86 

36.96 

8  

32.26 

33.93 

36.1 

32.73 

34.1 

36.63 

32.46 

34.76 

37.03 

32.76 

34.73 

36.26 

32.26 

34.5 

37.06 

9. 

38.26 

37.73 

37  53 

30.43 

38.06 

37.73 

33.46 

35.1 

37.3 

35.38 

36.06 

36.96 

32.53 

34.43 

37. 

11  

41.83 

42.06 

41.6 

41.2 

41.7 

40.96 

40.73 

39.96 

39.03 

41.63 

40.6 

30.9 

32.26 

33.9 

36.96 

12.  ..  .>. . . 

38.13 

40.2 

41.2 

37.33 

39.13 

41.06 

38.96 

40.16 

40.4 

39.3 

40.7 

41. 

32.5 

34.63 

37.46 

13  

36.83 

37. S3 

30.86 

35.43 

37.46 

39.86 

36.8 

39.1 

40.33 

36.76 

39.23 

40.33 

32.73 

35.2 

38.13 

14 

33.96 

35.53 

38.23 

33.23 

35.36 

38.16 

34.6 

37.33 

38.76 

33.86 

36.23 

38.6 

33.46 

84.86 

38.1 

15 

33.33 

35.2 

37.83 

33.16 

34.2 

37.86 

34.1 

36.76 

38.9 

34. 

36.53 

38.23 

32.53 

34.8 

37.86 

16  

33.8 

35.46 

37.76 

33.76 

35.3 

38.06 

33.93 

36.7 

38.96 

34. 

36.66 

38.13 

33.23 

35.56 

38.9 

18   

33.93 

35.46 

37.8 

33.93 

35.7 

37.96 

33.8 

36.06 

38.16 

34.13 

36.16 

37.86 

33.23 

35.86 

38.2 

19 

34.96 

36.06 

38. 

34.66 

36.13 

38.33 

34.5 

36.6 

38.93 

34.8 

36.8 

38.1 

34.1 

36.2 

38.93 

20  

33.9 

35.76 

37.2 

33.66 

35.13 

37.36 

33.36 

35.83 

38. 

33.73 

36.2 

37.83 

33.33 

35.36 

38.26 

21  

32.96 

34.3 

36.5 

32.6 

34.26 

36.73 

32.5 

34.93 

37.28 

32.6 

35.1 

36.46 

32.2 

34.43 

37.13 

22  

32.96 

33.56 

35.63 

33.2 

34.06 

35.86 

32.06 

33.96 

36.2 

32.8 

34.46 

35.8 

31.8 

33.63 

38.5 

23  

33.46 

34.7 

36.4 

32.75 

34.5 

36.45 

32.5 

34.5 

36.1 

33.15 

34.75 

35.85 

31.65 

33.4 

36.35 

25  

32.5 

34 

35.9 

32. 

33.9 

35.8 

32.1 

34.2 

36.4 

32.2 

34. 

35.9 

31.9 

33.5 

38. 

26 

32.23 

33.33 

35.66 

31.66 

33.5 

36.13 

31.56 

34.03 

35.96 

32.13 

33.96 

35.76 

31.76 

33.33 

36.06 

27 

31.76 

33.56 

34.9 

32.76 

33.73 

35.5 

31.73 

33.73 

36.13 

32.46 

33.53 

34.9 

32.26 

33.53 

35.13 

28  

31.93 

32.73 

39.16 

31.23 

33.13 

35.93 

32.46 

34.3 

36.73 

32.7 

34.73 

35.4 

32.13 

34.08 

38.1 

29  

30.5 

31.76 

34.2 

29.96 

32.28 

35.4 

30.93 

33.36 

35.73 

30.93 

33.4 

35. 

31.83 

33.4 

36.23 

30 

30.26 

31.13 

33  43 

30.26 

31.4 

34.33 

30.26 

32.6 

34.63 

30  33 

32.43 

34.2 

31.26 

32.76 

35.36 

Monthly 

34.35 

37.  IS 

ftvtrege. 

33.50 

34.33 

36.87 

33.29 

34.84 

37. 18 

33.27 

36.41 

37.40 

33.55 

36.52 

38.08 

32.32 
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TABLE  19.-DAILY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  JANUARY,  1912. 


Gravel. 


Sand. 


Loam. 


Date. 


1  

29.36 

30.53 

33.46 

2    .  ... 

27.5 

30.43 

32.86 

3    .  ... 

22.6 

26  66 

29.9 

4  ..  .. 

26  06 

29  13 

33  36 

5  

20.86 

26.26 

32.66 

6  

19.96 

24.16 

31.7 

8  

20.03 

23.36 

29.8 

9   

24.23 

26  26 

30.23 

10  

25.36 

27.4 

30.6 

11  

25.83 

27.83 

30.33 

12  

26  13 

27.6 

30  13 

13  

24  5 

26.73 

29.7 

15  

25.46 

27.9 

30.63 

16  

26.26 

27.56 

30.3 

17  

24.76 

26.83 

29.73 

18  

28. 

29.1 

30.9 

19  

29.33 

29.9 

30.96 

20  

27.3 

28.1 

30.5 

22  

27.66 

28.13 

30.23 

23  

28.13 

29.03 

30.56 

24  

28.83 

29.9 

31.33 

25  

28.8 

29.8 

31.63 

26  

28.56 

29.53 

31.3 

27  

28.93 

29.9 

31.2 

29  

28.2 

29.03 

30.63 

30  

28.03 

29.03 

29.86 

31  

28.93 

29.63 

30.53 

Monthly 

avoraga.. . 

26.24 

26. 14 

30.93 

6* 

12" 

6» 

I2» 

16' 

29.16 
27. 
20.86 
24  16 
18.16 

31.4 

30.26 
27.93 
29  66 
26.86 



33.16 
33.43 
31.46 
34  16 
33.3 

29.93 
28.86 
26.88 
28  86 
25.33 

31.96 
31.2 
31.03 
32  86 
32.16 

33.83 
33.86 
32.96 
35  3 
35. 

14.73 
16.33 
20.96 
23.13 
23.8 

24.7 
23. 
25  6 
26.93 
27.66 

32.73 
31.4 
31  46 
31.26 
31.36 

23.16 
21.86 
24.33 
25.06 
26.3 

31.73 
29.53 
28.8 
29.13 
29.06 

34.53 
33.56 
32  63 
32.56 
32.56 

23.93 
23  23 
24.7 
23.93 
23.9 

27.46 

27.13 

27.76 

27.7 

26.9 

30.6 

30.26 

30.7 

30.5 

30.1 

26.76 

25. 

25.5 

25.4 

25.26 

29.06 

28.16 

28.6 

28.76 

28.7 

31.23 
31  23 
31.56 
31.46 
31.06 

26.56 
28.16 
25.5 
26.83 

28.83 
29.86 
28.8 
28.8 

31.3 
31.36 
30.5 
30.4 

27.03 
27.43 
26.36 
26.13 

29. 
29.16 
28.6 
28.8 

31.7 
31.7 
30.5 
30.7 

27.43 
28.2 
27.83 
27.36 

29.3 
30.13 
30. 
29.93 

30.66 
31.66 
31.63 
31.43 

27.9 
28.26 
28.06 
28.03 

28.86 
29.96 
29.96 
29.93 

30.83 
31.43 
31.56 
31.53 

27.63 
27.13 
26.93 
27.9 

30.1 
20.06 
28.26 
29.26 

31.6 
30.93 
30.43 
30.96 

28.1 
27.53 
27.1 
27.96 

29.9 
29.03 
28.5 
29.03 

31.36 
30.83 
30.23 
30.86 

24.62 

26.27 

31.44 

26.60 

20.66 

32.10 

30.1 

29.4 

27.63 

28.63 

25.66 

23.53 

21.7 

23.46 

24.6 

24.56 

24.46 

22.23 
24.3 
24.3 
24.66 

26.66 
27.46 
26.63 
27.03 

27.9 
28.53 
28.36 
28.2 

28.53 
28.03 
27.73 
28.53 


20.40 


Clay. 


32.36  34.26 
31.26  32  .63 


30.9 
32.6 
31.9 

31  5 

28.86 
27.8 
28.53 
28.03 

27.86 

27.161  30.46 
27.5  30.43 


32.73 
34.5 
33.93 


32.6 
31.66 
31.23 
31.36 

30.78 


27.26! 
27.13 

28.23 
28.7 
28.63 
28.73 

27.03 
29.9 
29.7 
29.96 

29.86 
29.16 
28.63 
29.03 


20.27 


30 
30.03 

30.46 
30.43 
29.9 
29.83 

30.1 
30.86 
31.03 
32.3 

30.76 
30.16 
29.73 
30.03 


SI. 34 


31.46 

29.06 

28.8 

29.83 

25.4 

21.23 
19.63 
21.66 
23.16 
23.93 

23.13 
21.83 
24.23 
23.3 
23.4 

26.33 
26.9 
25.63 
25.73 

26.66 
27.33 
27.06 
27.06 

27.23 
26.73 
26.6 
27.53 


Peat 


32.36,  35.16 
31.1  34.33 
31.131  33.96 
33.06.  35.83 
32.5  ,  35.23 


2S.56 


32.16, 
31.73 
31. 

30.76- 

30  .2 ; 


35.26 
34.06 
33.83 
33.66 
33.46 


28.9  ,  32.86 
27.8  I  32.2 


16 
28.2 


32.53 
32.33 


27.961  32.16 

28.7  .  32.6 

28.761  32.73 

28.23|  31.7 

27.96|  31.8 


28.5 
29.131 
29.03 
29.16 

29  .3  ' 
28.66 
28.1 
28.9 


20.08 


31.93 
32.1 
32.16 
32.3 

31.96 
31.43 
30.76 
30.9 


S2.04 
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TABLE  ao.~DAILY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  FEBRUARY,  1912. 


Dftte. 

Qiavil. 

Suid. 

Lmiii. 

Clay. 

P«t 

12' 

18' 

•' 

12' 

18' 

8' 

12' 

18' 

9' 

12' 

18' 

8' 

12' 

18* 

1   

2  

3  

6  

6  

7  

8  

9  

10  

12  

13  

14  

15  

16  

17  

19  

20  

22  

23  

24  

26  

27  

28  

29  

28.9 

28.86 

28.7 

28.53 

28.43 

28.43 
28.3 
28.6 
27.73 
28. 

27.66 

28.03 

28.8 

28.93 

28.63 

29.8 

30.4 

29.3 

29.45 

30.25 

30.9 
30.46 
30.96 
31.03 

29.8 

29.0 

29.76 

29.86 

29.73 

29.93 
29.33 
29.53 
28.96 
29.03 

28.93 
28.93 
29.43 

29  5 
29.1 

30.1 
30.83 
29.5 
29.95 

30  95 

31.13 
31.06 
31.2 
31.23 

30.8 

31.1 

30.93 

31.1 

31.33 

31.06 
30.53 
31.03 
30.93 
30.93 

30.6 
30.63 
30.56 
30.3 
30.06 

30.7 

31.4 

29.6 

30.65 

30.8 

31  1 

31.3 
31  2 
31.46 

31.44 

27.46 

27.53 

27.3 

27.43 

27.16 

27.03 

26.96 

26.7 

23.6 

25.13 

25.23 
25.56 
26.83 
28.03 
28.06 

30.26 
30.93 
29.4 
30.2 
31.15 

31.03 
31  4 
31  06 
31. 

29.43 
29.56 
29.33 
29.8 
29.9 

29.8 

29.8 

29.73 

28.5 

28.2 

28.1 

28.53 

29.03 

29.3 

29.1 

30.43 

31.1 

30.1 

30.35 

30.85 

31  2 
31.36 
31  46 
31.23 

31.03 

31. 

30.8 

31.2 

31.33 

31.16 

31.1 

31.53 

31.13 

30.7 

30.43 

30.3 

30.5 

30.3 

30.16 

31.16 

30.33 

20.2 

30.93 

30.8 

31  43 

31.56 
31.53 
31.53 

28.03 
28.16 
28.23 
28.06 
28. 

28.06 
27.53 
27.86 
26.16 
26.16 

26.66 

26.2 

26.96 

27.2 

27.33 

29.5 

29.33 

28.7 

28.85 

29.95 

29.5 
29.73 
29.8 
29.96 

29. 

29  1 
29.03 
30. 
29.86 

29.6 

29. 

29.9 

29.53 

29.16 

28.53 
28.4 
28.63 
28.4 

28.2 

29.53 

29.96 

29.5 

29.55 

30.3 

30  13 
30.26 
30.16 
30.46 

30.86 
30  93 
30.66 
30.96 
31.53 

31.4 
30.83 
31.2 
30.86 
30.9 

30.46 

30.66 

30.86 

30.2 

29.6 

30.23 
30.83 
29.9 
30  45 
30  65 

30.9 
31.16 
31. 
31.2 

30.75 

28.33 

28.4 

28.56 

28.3 

28.63 

28.56 

27.96 

28.5 

26.46 

26.3 

26.03 

IHS.33 

27. 

27.43 

27.3 

28.66 

29.7 

29.8 

28.85 

30. 

29^.93 
30.16 
30.16 
30  5 

29.2 

29.26 

29.53 

29.96 

30.33 

30.03 
29.56 
29.53 
29.03 
28.9 

28.93 

28.43 

28.7 

28.83 

28.53 

28.66 
29.83 
29.6 
29.8 
30  1 

30.53 
30.56 
30.4 
30.66 

30.3 

30.26 

30.53 

30.63 

31.03 

30.9 
30.33 
30.5 
30.33 
30.16 

29.9 
30. 
30  03 
29.43 
29.36 

30  06 
30  76 
30.1 
30.4 
30.6 

30.73 
30.96 
30.9 
31.26 

27.23 
27.13 
27.26 
27.26 
26.96 

27.03 
26.93 
27.26 
26.76 
26.36 

26.73 

27. 

27.4 

27.83 

28.23 

29.5 

29.96 

29.7 

28.55 

29.45 

29.93 
30.4 
30.3 
30.7 

28.8 
28.5 
29.03 
28.83 
29.13 

28.96 

28.9 

29.16 

28.76 

28.6 

28.53 

28.43 

28.6 

28.8 

28.96 

29.7 

30.06 

30.5 

30.05 

30.2 

29.9 
30.36 
30.26 
30.43 

31.13 
31  23 
31.16 
31  03 
31.86 

31.9 
31.43 
32. 
31  16 
31.56 

31  2 
31  4 
31.26 
31.06 
30.93 

31.03 
31.13 
30.2 
31.4 

U0.7 

31.06 
31.66 
31.43 
31.4 

Monthly 
ftvwage.. . 

29.13 

29.90 

28.20 

29.84 

30.88  28.17 

29.4S 

28.41  29.52 

38.39 

28. 15 

29.31 

si.n 
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TABLE  21  .-DAILY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  MARCH.  1912. 


Date. 


QrtvtL 


LMin. 


1' 

12* 

18' 

9' 

12* 

18* 

12* 

18' 

0' 

12* 

18' 

1' 

12' 

18' 

I 

31. 

31.2 

31.55 

31.1 

31.25 

31.7 

29.96 

30.45 

31.1 

30.65 

30.53 

31  3 

30.5 

30  65 

31.4 

2 

30!96 

31.23 

31.36 

31 ! 

31.43 

31.86 

29.96 

30.6 

31.3 

30.43 

30  93 

31  46 

30.36 

30.8 

31.73 

4 

30!86 

3l!03 

Zl.iQ 

30  9 

31.13 

31.86 

29^8 

30.93 

31  !4 

30^5 

31.03 

31  56 

29^83 

30.4 

31  6 

5 

29  95 

30  6 

31  35 

30  35 

31.1 

31.9 

20  45 

30  85 

31  2 

29  7 

30  9 

31  15 

29  3 

30  25 

31  35 

6  

29.25 

30!l5 

3l!l5 

29.55 

31. 

31.65 

28.75 

29!95 

30.65 

29.1 

30.' 

30.8 

28.7 

29.65 

31.25 

7 

29.03 

30.06 

31.56 

29  6 

31. 

32.03 

29.03 

30.16 

31.3 

29.7 

30.5 

31.16 

28.06 

29  83 

31.3 

g 

29^03 

29^76 

31 ! 

29.4 

30.36 

31.4 

28.63 

29.53 

30.43 

29.06 

29-76 

3o!56 

28  56 

29.56 

31.13 

g 

29*86 

30!33 

3l!06 

30.03 

30.76!  31.36 

29!l6 

3o! 

30.76 

29^23 

29.93 

30.26 

28  9 

29.26 

31.2 

30 

30  63 

31  53 

29  96 

31.13 

31.76 

29  23 

30  13 

31  03 

29  96 

30  53 

31  2 

29  6 

29  9 

31  43 

12  

29.56 

3l!l 

31.03 

29!56 

30.76 

31.3 

29.26 

30*. 

30!53 

29!66 

30!l 

30!6 

29.3 

29!9 

30.96 

13 

30.16 

30.63 

31.53 

30.2 

30.9 

31.5 

29.6 

30.16 

30.83 

30. 

30.3 

31.03 

29.7 

30.13 

31.37 

14 

29^7 

29  9 

30!7 

29^4 

30.23 

31.13 

29!06 

29^73 

30!6 

29.4 

29!8 

30^33 

28.86 

29.46 

30  46 

15 

3o!2 

3o!4 

31  2 

30 ! 

30.3 

31.2 

3o! 

30!5 

3l!4 

29.9 

3o!4 

31  !3 

29.8 

30!3 

31. 

16 

29  93 

30  3 

30  93 

29  83 

30.3 

31.3 

29  33 

29  86 

30  53 

30  06 

30  33 

30  86 

29  56 

29.86 

30  9 

18  

30.16 

30!5 

30.96 

30.16 

30.6 

31.3 

29.43 

30.1 

30.9 

29!93 

30.16 

30.9 

29.86 

29.96 

31. 

19  

30.33 

30.63 

31.03 

30.5 

30.83 

31.46 

29.63 

30. 

30.83 

30.03 

30.3 

30.66 

30.03 

30. 

31.06 

21  

28.56 

29.13 

30.1 

29.5 

29.8 

30.36 

28.33 

28.93 

29.36 

28.96 

29.33 

29.7 

28.66 

29.33 

30.26 

22  

28.4 

29.26 

30.2 

29.6 

30.3 

30.26 

28.53 

29.4 

29.46 

29.2 

29.83 

29.9 

29.26 

29.8 

30.13 

23  

29.36 

30.1 

30.3 

29.96 

30.26 

31.23 

29.9 

29.9 

29.7 

30. 

30.4 

30.33 

29.93 

29.66 

31.2 

25  

29.7 

30.21 

31.36 

30.3 

31.2 

31.5 

29.73 

30.3 

31.13 

29.96 

30.43 

31.1 

29.9 

29.93 

31.4 

26  

30.36 

31. 

31.36 

30.7 

30.73 

31.6 

29.46 

30.3 

30.36 

29.86 

30.23 

30.5 

29.86 

30.1 

31.2 

27  

30.2 

30.7 

30.96 

30.2 

30.76 

31.53 

30.06 

30.4 

31.16 

30.6 

30.66 

31.03 

29.96 

30.46 

31.46 

28  

30.4 

30.93 

30.83 

30.5 

30.9 

31.56 

30. 

30.53 

30.63 

30.43 

3.50 

30.86 

29.83 

30.6 

31.56 

29  

30.46 

30.26 

30.6 

30.16 

30.33 

30.7 

29.86 

30.16 

30.66 

30.03 

30.83 

30.96 

30.2 

30.1 

30.93 

30  

30.3 

30.76 

30.86 

30.86 

30.8 

31.96 

30.43 

30.33 

30.8 

30.33 

30.93 

31. 

30.76 

30.53 

30.93 

Monthly 
ftvartge.. . 

29.91 

80.43 

81.84 

80.13 

30.72 

81.42 

20.48 

80. 18 

80.72 

20.87 

80.86 

80.83 

26.80 

80.02 

81.13 

Clay. 
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TABLE  22.-DA1LY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  APRIL,  1912. 


Date. 


Grtvei. 


Sand. 


Loam. 


9' 

12* 

6' 

12' 

18' 

0' 

12' 

10' 

0' 

12' 

18' 

0* 

12' 

10' 

31 .83 

31.8 

31.56 

31.4 

31.86 

31.8 

31.1 

31.46 

31.76 

31.73 

31 .6 

31.7 

31.43 

31 .43 

31.76 

2  

30.93 

30.96 

30.96 

31.06 

31.06 

31.1 

30.53 

30.76 

30.93 

30.93 

31 . 

30.86 

30.76 

30.5 

31 . 

3  

30.06 

30.33 

29.93 

30.06 

30.16 

30.06 

30.36 

30.9 

31.1 

30.86 

31. 

31.03 

30.8 

29.96 

30.73 

4  

31.23 

30.66 

30.66 

30.43 

30.66 

31.06 

30.2 

30.2 

30.53 

30.43 

30.53 

30.56 

30.1 

29.7 

30. 

5  

35.96 

32.33 

31.23 

33.5 

30.96 

31.4 

30.2 

30.43 

30.93 

31.96 

30.9 

30.9 

30.5 

30.2 

30.16 

6  

40.5 

36.83 

31.93 

38.8 

33.66 

31.8 

30.96 

30.23 

30.9 

35.86 

30.86 

30.86 

30.4 

30. 

31.06 

7  

39.93 

39.66 

37.0 

36.83 

36.20 

34.63 

32.46 

30.16 

30.9 

36.16 

30.80 

30.76 

30.40 

30.10 

30.96 

8  

36.1 

35.6 

35. 

34.8 

34.16 

33.8 

31.73 

30.43 

30.96 

33.23 

30.9 

30.8 

30.7 

30.33 

31.13 

40.56 

38.63 

36.03 

40.5 

37.63 

35.26 

34.06 

30.33 

31. 

36.8 

31.13 

30.9 

30.6 

30.43 

31.03 

10  

42. 

40.53 

37.86 

42.26 

39.8 

37.46 

35.2 

30.46 

30.86 

38.13 

32.46 

31. 

30.56 

30.33 

31.06 

11  

45.16 

42.32 

39.06 

44.9 

41.5 

38.33 

36.93 

30.5 

30.96 

39.83 

33.7 

30.86 

30.73 

30.16 

31.03 

12  

46.5 

43.43 

41.16 

45.76 

43.43 

40. 

38.86 

31.53 

30.96 

42.96 

37.76 

34.33 

30.6 

30.16 

30.93 

45.16 

44.1 

41.53 

44.6 

43.13 

40.63 

38.46 

32.93 

31.66 

43.23 

39.86 

37.63 

30.7 

30.13 

30.96 

47. 

45.43 

41.93 

46.6 

43.9 

41.03 

41.86 

40.36 

35.03 

45.63 

41.5 

39.23 

32.83 

30.93 

31.2 

16  

46.43 

45.83 

43.53 

45.86 

44.73 

42.86 

44. 

41.73 

38.73 

46.23 

43.73 

41.56 

33.36 

30.3 

31.06 

17  

43.4 

43.56 

43.03 

42.76 

42.66 

42.3 

42.46 

42.16 

40.36 

43.86 

43.26 

42.02 

33.96 

30.26 

31.3 

18  

40.76 

41.53 

42. 

40.13 

40.4 

40.66 

40.46 

41.3 

40.36 

41.16 

41.76 

41.33 

33.56 

30.56 

31.56 

19  

40.8 

40.53 

40.56 

40.4 

40.13 

39.96 

39.63 

40. 

39.9 

40.63 

39.93 

40.1 

33.1 

30.36 

31.66 

20  

38.96 

38.13 

39.66 

39.66 

39.4 

39.83 

40.93 

40. 

40.33 

39.33 

40.53 

39.3 

34.06 

30.06 

31.8 

22  

47.36 

46.66 

44.33 

46.76 

46.2 

44.23 

47.36 

44.73 

41.8 

47.7 

44.6 

43.4 

39.13 

30.6 

31.86 

23  

42.96 

42.73 

42.43 

43.33 

42.33 

42.53 

42.6 

42.96 

41.86 

42.56 

42.63 

42.16 

36.03 

30.46 

31.86 

24  

47.73 

46.96 

43.36 

47.96 

45.36 

43.1 

46.06 

43.7 

41.76 

46.46 

43.66 

42.36 

38.36 

30.4 

32. 

25  

47.13 

46. 

44.03 

47.2 

45.16 

43.56 

46.6 

44.4 

42.23 

46.53 

44.7 

43.23 

38.86 

30.66 

32.03 

26  

50.43 

48.66 

45.8 

50.73 

47.8 

45.1 

49.43 

46.5 

43.63 

49.83 

46.2 

44.8 

41.73 

30.8 

32.7 

27  

60.73 

49.36 

46.46 

50.83 

48.9 

46.56 

50.46 

47.76 

44.56 

50.83 

47.46 

45.7 

43.36 

30.96 

33. 

29  

43.2 

43.5 

44.23 

42.6 

43.16 

43.9 

44.33 

45.16 

44.7 

43.83 

44.7 

44.53 

40.23 

31.46 

34.06 

30  

44.3 

43.13 

42.76 

45.03 

43.06 

42.76 

43.16 

43.33 

43.26 

43.66 

43.03 

43.36 

38.66 

31.43 

34.56 

Monthly 
averago . . . 

41.81 

40.70 

39.27 

41.40 

40.04 

38.92 

39.10 

37.47 

30.60 

40.20 

30.44 

37.46 

34.04 

SS.40 

31.60 

Clay. 
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48  EXPERIMENT  STATION  BULLETIN. 

TABLE  23.-DAILY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOILS.  MAY.  1912. 


DaU. 


1 
2 
3 
4 
6 

7 
8 
9 

10 

11 

13 
14 
15 
16 
17 

18 
20 
21, 
22 

23 
24 

25 
27 

28 
29. 
30, 
31 


Monthly 
tvertgt . . 


Qravfl. 


45.56 

48.93 

53.03 

55. 

57.8 

60.10 

57.2 

55.03 

57. 

57.36 

46.8 
49.93 
47.8 
48.06 
49.93 

48.1 
52.8 
56. 
60.06 

64.4 
65.53 
63.0 
65.6 

64.16 
59.3 
59.93 
64.3 


12*  18' 


45.63 
46.76 
50.43 
62.53 
54.76 

57.36 

55.96 

54.06 

54.9 

55.63 

47.2 

48.93 
48.23 
48.1 
48.33 


44.63 

44.6 

46.86 

48.53 

50.6 

52.7 

53.1 

52.26 

52.13 

52.66 

48.6 

48.3 
48.7 
48.03 
47.6 


47.9  47.85 

51.261  49.8 

53.93  50.83 

57.1  53.06 


60.73 


60.9 
63.83 

62.86 
59.66 
58. 
61.3 


56.07  54.41 


55.5 
58.3 
57.53 
60. 

59.7 
58.86 
56.4 
58. 


52.03 


Sand. 


45.73 
49.33 
53.23 
55.13 
57.46 

60.03 
56.73 
54.86 
57.33 
55.83 

47.83 
50.93 
47.3 
47.9 
47.1 

49.65 
52.6 
56.66 
61.6 

65.76 
65.53 
64. 
65.26 

63.53 
58.48 
60.93 
64.86 


56.11 


12'  18' 


45.53 

46.6 

49.96 

52.23 

54.16 

56.83 
55.03 
53.23 
54.33 
54.86 

47.63 

49.33 

48.23 

48. 

48.3 

48.8 
50.96 
53.33 
56.8 

60.6 
62.23 
60.26 
62.76 

62.1 
58.86 
57.86 
61.26 


44.53 

44.76 

47.8 

48.13 

50.46 

52.16 
52.66 
51.73 
51.76 
52.5 


LMffl. 


45 
46.63 
50.5 
53.33 
55.66 

59. 

"57.6 

54.&3 

55.83 

56.66 


48.76  48.23 


49.06 
49.4 
48.56 
47.53 

47.8 
49.86 
50.76 
53.1 

55.76 
57.63 
57.2 
59.5 

50.46 
58.53 
56.46 
58.13 


54.08  62.00 


49.33 
48.4 
48.26 
48.26 

49.2 
51.16 
54.06 
57.56 

61.06 
63.8 
61.63 
65.1 

64.56 
61.06 
58.6 
61.8 


55.07 


12'  18 


44.53 
44.8 
46.83 

49  ^ 
52.16 

54.36 
55.16 
53.96 
53.4 
54.4 

50.03 
49.13 
49.36 
48.66 
48 

48.35 
49.96 
51.26 
53.5 

56.1 
59.16 
58.8 
61.6 

61.5 
60.80 
57.63 
58.86 


68.02 


43.23 
43.76 
44.6 
46.03 
48.56 

49.86 

50.96 

51.33 

50.8 

50.63 

50.06 
48.53 
49 

48.46 
47.53 

47.1 
49.03 
49.33 
50.8 

52.16 
54.16 
55.36 
57. 

57.86 
58.06 
56.73 
56.5 


50.82 


City. 

N.t 

12' 

18' 

12* 

18' 

45.4 
47.73 
62  03 
54.46 
57.13 

44.66 
45.1 
47  83 
49.83 

52.36 

'43.93 
44.23 
45  66 
47.76 
50. 

42. 
42.93 
47  5 
51.2 
55.6 

32.6 
34.6 
38  7 
44.5 
49.7 

35.63 
36.96 
39.66 
42.86 
46.96 

60.13 
57  93 
55.66 
56.9 
57.06 

54.76 
54  96 
54.26 
53.8 
54.63 

51.8 
52  9 
52.63 
52. 
52.33 

58.86 
59  43 
57.76 
57.53 
58.9 

52.03 
54  1 
54.63 
54.4 
54.93 

48.66 
49  93 
51.66 
51.66 
51.83 

47.83 
50.2 
49.33 
48.8 
49.33 

49  5 

49.2 
49.93 
48.9 
48.03 

50  53 
4Q.2 
49.76 
48.93 
48.06 

SO  76 
51.03 
50.56 
49.53 
48.96 

53  66 

51.56 

51.36 

50.3 

49.13 

52.76 

51.4 

51.16 

50.6 

49.33 

49.15 
52.46 
55.26 
58.03 

48.6 
50.83 
51.8 
54.4 

48.15 
49.8 
50.73 
52.43 

49.2 
51.6 
53.8 
56.93 

48.65 
49.8 
51.36 
52.5 

49.05 
49.26 
49.53 
50.73 

63.1 
65.43 
63.46 
65.93 

57.46 
60.33 
59.66 
62.16 

54.43 
56.96 
57.2 
59.26 

60.83 
64.23 
63.13 
65.83 

53.83 
57.8 
58.63 
60.83 

51.66 
54.43 
54.96 
56.83 

64.86 
60.76 
59.26 
63.13 

62.03 
60.63 
57.6 
59.46 

59.7 
59.43 
57.3 
57.8 

66.3 
64. 
60.86 
62.5 

61.76 
62.33 
60.43 
60.4 

58.06 
50.16 
58.9 
58.16 

68.00 

68.43 

61.08 

66.81 

52.00 

58.44 
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TABLE  24.-DAiLY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPE8  OF  SOIL.  JUXE,  1912. 


6rav«L 


LoAin. 


12* 

18' 

r 

12' 

18' 

•' 

12' 

18' 

8' 

12' 

18' 

8' 

12' 

18' 

1 

0/  .0 

OA  no 

59  73 

A7 

2 

Oo.o 

U  A9 
Oo .  DO 

OA  *n 

A1  1 

01 . 1 

R7  1 
0/ .  1 

AA  1 
00. 1 

Al  A7 
01.  OA 

en  on 

AR  C7 

an  na 
OU.VO 

Oo.o 

o 

64  76 

62  4 

50  76 

64 

86 

61  76 

50  56 

63  43 

A1  7A 
01  .oO 

eo  AA 
OO .  DO 

tlA.  7 

Al  A 
01 .0 

AA  AA 

A9  17 
02.  lo 

W  .4 

4  

64^53 

63.06 

eo!56 

64 

13 

62.43 

60.23 

64!06 

62.26 

58.93 

64.66 

62.33 

60.53 

66.3 

62.8 

50.9 

5  

61.9 

60.56 

59.4 

61 

6 

60.73 

50.2 

61.13 

60.5 

58.73 

62.06 

60.86 

59.93 

63.93 

62.56 

60.13 

A 

AS  R 

63  2 

60 

65 

66 

62  76 

59  9 

63  5 

An  oa 

DU .  WJ 

HA  77 

OA  Oft 

04. oO 

Al  M 
01 .00 

en  Qe> 
OV.SO 

KA  fl 
04. 0 

A9  1 
02. 1 

An  A7 
OU  .vh> 

•7 

DO.D 

62  13 

60  26 

63 

61  23 

59  7 

62  5 

A1  9A 
01  ./O 

uO.o 

A7  K 

Oo.o 

Al  7A 
01 .  f  0 

AA  1A 
011.10 

A7  0 

A9  1A 

02.  JO 

OU.  I 

Q 

61  86 

59  96 

62 

60  9 

59  46 

62*2 

AA  7A 
OU.  /O 

AA 

ao.OO 

AO  7A 

Al  AA 

01  .uo 

40  Q 
uv.v 

A9  17 

Al  Q7 
01  .vo 

An  ntt 

OU .  \fO 

10  

65.7 

63^4 

60!66 

64 

53 

62  >3 

60.36 

64!23 

61.66 

64.93 

61.83 

60.5 

64.9 

62.16 

60.16 

11  

66.4 

64.26 

61.3 

65 

73 

63.3 

60.8 

64.93 

62.36 

59.66 

64.7 

62.43 

60  86 

65.43 

62.26 

60.06 

Afi  R.Q 

AA  97 
DO .  *0 

A9  1 

ao 
QB 

1A 
JO 

65  43 

A9  17 
0«.  lO 

A7  K 
Of  .0 

A9  QjI 
00.  vo 

A/l  i7 

A7  OA 
Of  .VO 

ft7  O 
OJ.V 

Al  fi 
01. 0 

A7  <!A 
Of  .00 

ft7  A7 

An  7A 
OU.  oo 

13  

A7  AR 

AK  A 

A9  >«A 

AA 
DO 

tO 

Al  OA 

A9 
0«. 

AA  RA 

Al  17 

Of .  la 

AA  07 
OU.Vo 

AA  A7 

00. oa 

AA  1 
04. 1 

AO  97 

A7  1 
Of  .  1 

ft7  0 

Al  AA 
OJ  .UO 

64  6 

64  56 

62  93 

63 

63  26 

62  2 

65  43 

64  33 

Al  17 
01  -W 

AK  17 
00.  lO 

OA  97 
D4 . 

A9  7 
02.  f 

66  8 

64  16 

61  9 

16  

65!9 

63173 

6L4 

65 

86 

63^26 

60!96 

64!9 

62.5 

60.56 

65.3 

62.53 

61.33 

65!80 

63!26 

61  !6 

17  

67.06 

65.23 

62.86 

66 

86 

64.73 

62.46 

66.23 

64.23 

61.36 

66.6 

64.1 

62.53 

67.7 

64.6 

62. 

18  

65.33 

64.2 

62.6 

64 

6 

63.3 

62.03 

65.06 

63.83 

61.26 

65.03 

63.8 

62.5 

66.5 

64.56 

62.06 

19  

66.66 

64.9 

62.5 

66 

13 

64.03 

61.9 

65.8 

63.63 

61.03 

64.9 

63.5 

62.06 

66.26 

64.06 

62.11 

20  

66.26 

64.63 

62.5 

65 

7 

63.76 

61.03 

65.46 

63.53 

61.16 

66.63 

63.43 

62.1 

66.13 

64.03 

62.03 

21  

67.13 

65.43 

63.1 

66 

5 

64.5 

62.46 

66.33 

64.16 

61.86 

66.33 

64.03 

62.56 

66.96 

64.3 

62.3 

22  

68.06 

66.13 

63.36 

67 

26 

64.96 

62.9 

67.06 

64.56 

61.93 

66.96 

64.4 

62.96 

67.36 

64.73 

62.4 

24  

70.46 

68.76 

65.53 

69 

33 

67.33 

64.76 

70  0 

66.73 

63.16 

69. 

66  4 

64.4 

70.2 

66  16 

62.06 

25  

71.6 

69. 

65.56 

70 

23 

67.53 

64.73 

70.26 

66.8 

63.7 

70.53 

66.6 

64.73 

70.33 

66.66 

63.83 

26  

72.73 

70.43 

66.73 

71 

03 

68.8 

65.63 

71.66 

68.06 

64.13 

71.33 

67.7 

65.4 

71.93 

67.53 

64.13 

27  

28  

71.6 

69.93 

66.83 

70 

28 

68.4 

65.8 

71.2 

68.43 

64.9 

70.9 

68  03 

65.93 

71.93 

68.36 

66.03 

72.33 

69.86 

66.66 

70 

73 

68.33 

65.7 

71.53 

68.26 

64.9 

71.23 

67.86 

65.9 

72.06 

68  56 

65.96 

29  

72.33 

70. 

66.56 

71 

06 

68.66 

65  56 

71.6 

68.1 

64.46 

71.53 

67.76 

65.6 

72  4 

68.2 

64.83 

Monthly 

t7.25 

M.SS 

02.9  b 

68.62 

04.90 

12.98 

68.28 

88.89 

81.88 

68.61 

88.88 

87.16 

04.24 

6I.M 

Clay. 
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52  EXPERIMENT  STATION  BULLETIN. 

TABLE  25.-DAILY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOILS.  JULY,  1»12. 


6rtv«l. 

Stnd. 

LMm 

vmy. 

Pott. 

Dite. 

12'. 

18' 

8' 

12' 

18* 

8' 

12* 

18' 

8' 

12* 

18' 

8' 

12* 

It' 

1  

71.33 

^.66 

67.46 

69.63 

68. 

66.23 

70.9 

69.73 

65.8 

70.53 

68.8 

67.13 

72.43 

70.2 

66.6 

2  

72.73 

70.48 

67.23 

71.26 

68.76 

66.06 

71.9 

68.8 

65.4 

71.53 

68.33 

66.26 

72.76 

60.53 

66.66 

3  

75.13 

72.66 

69.06 

73.3 

70.86 

67.86 

74.26 

70.6 

66.73 

74.06 

70.16 

67.9 

75.03 

70.73 

67.2 

4  

75.1 

72.43 

68.76 

73.16 

70.56 

67.6 

74. 

70.46 

66.4 

73.9 

60.96 

67.7 

74.83 

70.5 

66.73 

5 

76.66 

74.2 

70.2 

74. 03 

72.36 

68.73 

76.06 

71.76 

67.33 

75.56 

71.2 

68.56 

76.36 

71.3 

67.16 

6  

77.3 

75. 

71.2 

75  56 

73.23 

69.93 

76.96 

73.1 

68.73 

76.33 

72.26 

60.63 

77.23 

72.6 

68.26 

8  

75.56 

73.26 

70.23 

74.76 

72.13 

69.4 

75.1 

72.1 

68.83 

74.9 

71.6 

60.83 

76.36 

73.03 

60.7 

9  

77.63 

74  63 

70.93 

76.36 

73.26 

69.93 

76.36 

72.46 

68.76 

76.23 

72.03 

69.96 

77.23 

73.13 

60.53 

10 

78  73 

76  63 

72  73 

77  2 

75  16 

71  76 

78  33 

74  4 

70  13 

77  23 

74 

71  4 

79  23 

74  33 

70  43 

11  

79^26 

76.8 

73;33 

77^4 

75!  13 

72!  16 

78!86 

75!06 

71.06 

76!93 

74."73 

72.23 

79!33 

75^36 

7l!5 

12  

77.9 

76.26 

73.36 

76.16 

74.46 

72.2 

77.43 

75.26 

71.26 

77.03 

74.4 

72.2 

78.83 

76.73 

71.9 

13  

75.06 

74.86 

73.2 

73.96 

73.63 

72.06 

76.46 

75.13 

71.63 

75.33 

74.16 

72.5 

78.1 

75.7 

72.23 

15 

77  16 

75  13 

72  13 

77  16 

74  8 

71  66 

76  36 

73  5 

70  2 

77  1 

73  5 

71  33 

77  26 

74  16 

71  4 

16  

72  .'66 

7l!73 

71^06 

71^6 

70^73 

70;3 

73!  13 

72^76 

70.5 

72^86 

72.3 

7l!36 

74^7 

73!9 

7]!46 

17  

76.53 

74.1 

71.43 

76. 

73.3 

70.8 

75.43 

72.56 

60.86 

75.26 

72.16 

70.66 

75.73 

73.16 

70.03 

18  

72.63 

72.93 

72.16 

71.03 

71.63 

71.26 

74.1 

73.5 

70.5 

72.9 

72.83 

71.46 

75.83 

73.9* 

71.13 

19  

66.43 

66.5 

67.66 

65.8 

65.83 

66.9 

67.8 

69.56 

69. 

67.13 

68.56 

60.03 

70.23 

71.96 

70.63 

20 

65  36 

66 

66  73 

64  63 

65  53 

66  43 

67  1 

68  16 

67  23 

66  53 

67  56 

67  5 

60.56 

70  33 

69.00 

22  

66.53 

65^2 

64.66 

67.16 

65.3 

64.6 

65.86 

65.3 

64.9 

66.23 

65. 

65.06 

66.3 

66.93 

66.'96 

23..;  

67.33 

66.6 

65.86 

68. 

66.96 

66.06 

67.13 

66.1 

64.86 

67.83 

66.33 

65.6 

67.7 

66.7 

66.13 

7n 

iV. 

Do  .KM 

DO  .I/O 

Do  .1/0 

00. 1 

AO  A 
0J5 .0 

AA  K 
00.0 

AK  nA 
00. uo 

AO  49 

AA  7A 
00.  <0 

AK  B9 
00. 00 

Afi  9 

AA  R9 
00. Oo 

OO.  to 

25  

72.6 

70.46 

67.86 

73.06 

70.56 

65.9 

71.26 

68.4 

65  93 

72.23 

68.7 

67.03 

70.93 

67.8 

66.16 

26  

69.96 

60.3 

68.33 

60.86 

69.16 

68.23 

70.06 

69.26 

66.83 

70.7 

60.46 

68.13 

70.53 

09.4 

67. 

27  

69.43 

67.8 

66.53 

60.2 

67.36 

66.33 

68.76 

67.63 

65.86 

69.3 

67.63 

66.8 

68.8 

68. 

66.63 

29  

68.33 

68. 

67.3 

67.86 

67.36 

67.3 

69.16 

68.8 

67,06 

68.93 

68.05 

67.73 

70. 

60.23 

67.8 

30  

66.7 

66.53 

66.46 

66.36 

66.36 

66.43 

67.43 

67.6 

66.56 

67.6 

67.53 

67.16 

68.96 

68.96 

67.86 

31  

65.66 

65.36 

65.6 

65.43 

65. 

65.46 

66. 

66.4 

65.9 

66.13 

66.33 

66.2 

67.53 

68. 

67.43 

Monthly 

^72.56 

71.11 

68. 18 

71.74 

70.28 

88.49 

72.48 

78.55 

87.88 

72.28 

70. 16 

88.74 

73.18 

88.68 
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54  EXPERIMENT  STATION  BULLETIN. 

TABLE  26.-DAILY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  AUGUST,  1M2. 


CIrAVol. 

Stnd. 

PmiL 

Date. 

12' 

16' 

12' 

18' 

o» 

12' 

18' 

0' 

12' 

18' 

o« 

12' 

18' 

1  

65.1 

64.53 

64.83 

65.23 

64.66 

64.86 

64.86 

65.36 

65.03 

65.63 

65.5 

65.53 

66.36 

66.03 

66.6 

2  

65.13 

65.0 

04.93 

64.53 

64.63 

64.86 

65.33 

65.3 

64.53 

65.53 

66.43 

65.23 

65.96 

66.06 

66.0 

3 

61.1 

61.73 

63.^ 

60.66 

61.43 

63. 

62.13 

63.8 

63.93 

61.0 

63.53 

64.86 

63.7 

66.3 

66.4 

5 

66  43 

64  0 

63!73 

66.66 

64!83 

03^70 

04I06 

63.73 

62!86 

05176 

03*9 

63  43 

64!86 

64 

04.13 

6 

67.96 

66^56 

05*03 

67.9 

00^33 

64!96 

oo!9 

05*13 

63.6 

07130 

osiso 

64!4 

Oo!46 

64!7 

64.06 

7  

69.43 

68.03 

66.03 

09.4 

67.7 

65.96 

68.53 

66.36 

64.53 

69.0 

66.63 

65.36 

68.03 

65.56 

64.6 

8  

60.76 

68.2 

66.26 

60.73 

67.86 

66.06 

68.96 

67.0 

65. 

00.36 

67.06 

65.93 

68.8 

66.3 

04.96 

9 

60.53 

68.43 

66.6 

60.33 

67.93 

66.76 

09.36 

67.43 

65.13 

09.63 

67.86 

66.06 

60.73 

66.66 

65. 

10 

67^66 

67. 

66.2 

07*50 

66^7 

05^5 

68!03 

67.2 

06*43 

0glo3 

66.93 

Oo!l3 

osioo 

67  !2 

05.8 

12 

67!  73 

66!4 

65!l3 

68.06 

00*23 

65!03 

67!  1 

05*9 

04^03 

07^4 

O5I73 

O5I23 

07!o6 

Oo!56 

65.73 

13  

71.0 

60.03 

66.46 

72.03 

60.20 

66.53 

09.6 

66.86 

64.83 

70.6 

67.13 

65.8 

70.1 

66.0 

65.43 

14 

72.66 

70.73 

68.16 

72.8 

70.43 

67.86 

71.36 

68.66 

65.86 

72.26 

68.96 

67.13 

71.73 

68.13 

65.93 

15 

60  96 

60!5 

68.43 

6o!46 

68.76 

67.9 

70.3 

09^3 

66.73 

70!26 

60!2 

67!o 

71.1 

60!l6 

66  66 

16. . 

68  83 

68  0 

67  2 

68  26 

67  3 

65  03 

68  9 

68  33 

66  53 

68  63 

68  03 

67  26 

60  6 

68  9 

67!l 

17  

67.33 

67.2 

66.86 

66  .'73 

66!5 

06!43 

67.9 

67:8 

66!l 

67!36 

67!3 

66!83 

68!93 

68.3 

67.0 

19. 

70.13 

00.33 

67.76 

09.63 

68.8 

67.46 

70.3 

68.53 

00.03 

00.73 

68.36 

66.96 

70.73 

68.2 

06.6 

20..  . 

60.86 

68!50 

67.06 

60^93 

67^9 

66.76 

69!3 

67.9 

QO'l 

O9I23 

07^7 

Oo!83 

oois 

68  3 

66.66 

21..  .. 

70  13 

68  9 

67  63 

70  66 

68  96 

67  63 

09  83 

68  63 

66  46 

70  1 

68  43 

67  3 

70  46 

68  86 

67  26 

22  

60.7 

69.2 

68!46 

60!56 

69.06 

68!4 

70! 

09!2 

67.'33 

70!l3 

09!23 

68!23 

70^63 

09.43 

67.96 

23  

66.43 

66.4 

66.86 

65.73 

66.1 

66.93 

67.1 

68.0 

66.9 

66.03 

67.7 

67.56 

68.26 

09.0 

07.66 

24  

66.46 

65  26 

65  23 

66  4 

65  0 

65  13 

65  7 

66  03 

65  63 

66  0 

05  73 

05  86 

66  1 

67.36 

67.26 

26  

75.3 

73. 

69!63 

75!  1 

72!56 

60!43 

73!7 

00.96 

66!56 

74!  16 

70.1 

67.93 

73.3 

68.3 

66.16 

27  

71.23 

70.76 

09.83 

70.63 

70.1 

60.36 

71.43 

70.73 

68.43 

71.1 

70.36 

09.26 

72.33 

70.8 

07.9 

28  

66.53 

67.46 

68.26 

65.56 

66.9 

67.8 

68.86 

00.46 

67.9 

67.26 

68.76 

68.4 

70.3 

60.5 

08.33 

29  

64.46 

64.53 

65.26 

64.1 

64.2 

64.8 

65.26 

66.16 

65.93 

65. 

65.63 

65.96 

68.06 

66.63 

67.76 

30  

61.08 

61.73 

63.26 

60.16 

61.26 

63.03 

62.4 

64. 

64.03 

63.53 

63.6 

64.28 

66.13 

64.6 

66.23 

31  

65.46 

63.4 

62.4 

62.26 

63.5 

62.53 

63.9 

62.96 

62.8 

64.7 

62.8 

62.86 

64.5 

64.03 

64.93 

Monthly 

00.26 

avortge. . . 

60.00 

67.18 

60.33 

67.86 

08.86 

08.07 

67.82 

67.00 

65.  S2 

68.01 

•1.02 

01.28 

08.00 

07.22 
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56  EXPERIMENT  STATION  BULLETIN. 

TABLE  27.— DAILY  AVERAGE  TEMPERATURES  OF  DIFFERENT  TYPES  OF  SOIL,  SEPTEMBER,  1912. 


Date. 


2 
3 
4 

5 
6 

7 
9 
10 
11 
12 

13 
14 
16 
17 
18 

19 

20 
21 
23 
24 

25 
26 
27 
28 
30 


Monthly 
avtrego.. 


Qrtvtl. 


I2»  18' 


74.10 

73.67 
72.77 
73.83 


71.63 
71.90 
71.67 
72.23 


73.90  72  20 

74.30  72.43 

74.431  72.73 

75.63,  73.93 

73.231  73.03 

66.87;  67.40 

67.20  67.00 
66.83  66.73 


64.17 
62.23 
61.43 


64.40 
63.10 
63.53 


59.57  80.87 
50.43  59.57 
61.531  60.83 


59.80 
50.27 

61.10 
60.50 
55.30 
53.33 
51.03 


66.4« 


60.00 
59.10 

60.57 
61.40 
56.43 
54.97 
52.13 


66.20 


68.60 
69.63 
70.10 
70  03 
70.33 

70.93 
70.47 
71.80 
72.17 
68.73 

67.50 
66.73 
65.50 
64.77 
64.17 

62.80 
61.10 
61.43 
61.40 
60.67 

61.00 
62.00 
59.23 
57.37 
54.47 


66.SS 


Sand. 


6'      12'  18' 


74.40 

73.70 
72.63; 
73.57 
73.93 

74.40 

74.23 
75.03 
72.33 
66.37 

66.67 
66.23 
64.07 
61.63 
61.37 

58.97 
58.97 
62.07 
59.20 
58.70 

61.23 
60.47 
54.10 
52.63 
50.63 


86.08 


71.40 
71.43 
71.27 
71.80 
71.80 

72.57 
72.03 
73.27 
72.13 
66.77 

66.53 
66.30 
64.23 
62.93 
62.83 

60.63 
59.53 
61.30 
50.70 
59.23 

60.50 
61.23 
55.93 
54.90 
51.93 


84.88 


68.33 
69.10 
69.63 
69.90 
69.83 

70.43 
70.10 
71.40 
71.50 
68.23 

67.23 
66.60 
65.23 
64.77 
63.57 


Lmri. 


8'      12'  18' 


72.20! 
72.93 
73.27 


68.73 
70.17 
71.20 


73.43.  71.30 
73.63  71.43 


74.20 
73.90 
75.10 
74.20 
68.40 

67.97 
67.37 
65.13 
63.80 
63.30 


Clay. 


8'      I2»  18' 


62.77  61.03 

61.23!  59.50 

61.37]  60.87 

61.371  60.23 

60.371  59.37 


60.93 
62.10 
58.97 
57.70 
54.90 


85.08 


61.17 
61.13 
56.23 
54.67 
51.47 


85.78 


72.03 
71.60 
72.93 
73.27 
70.23 

68.601 
67.731 
66.17 
65.40 
64.00 

63.27 
61.30 
61.23 
61.40 
60.47 

60.73 
61.83 
50.70 
57.43 
54.43 


65.80!  72.83  09.03 

67.33  73.20  70.37 

68.47.  72.331  70.83 

69.07  72.80  ,  70.87 

60.00  72.631  71.13 

69.27  73.271  71.73 

69.10  73.87i  71.13 

70.03,  74.201  72.53 


70.671  73.63 

69.73|  68.00 

68.10  67.47 

66.77  67.40 

65.93  64.87 

65.30  63.30 

64.23  63.37 


63.70 
62.43 
61.50 
62.00 
60.83 


72.70 
69.67 

68.17 
67.37 
65.70 
64.97 
63.67 


60.23  62 

59.33'  60.77 

61.10,  61.17 

61.37'  61.00 

59.13  60.27 


60.70  61.80 

61.47  61.30 

60.231  55.80 

59.00  54.20 

56.23  51.40 


86.82 


86.08 


85.68 


60.77 
61.90 
59.43 
57.10 
54.00 


86.68 


67.13 
68.53 
69.50 
69.63 
69.87 

70.20 
69.80 
71.07 
71.43 
69.97 

68.30 
67.33, 
66.03 > 
65.531 
64.27 j 

63.67' 
62.07 
61.63 
61.90 
60.73 

61.00 
62.10 
60.37 
58.67 


Pttt 


8'      12'  18' 


71.87  67.57 
73.33  69.13 
73.67  70.73 
73.77!  71.10 
74.07  71.47 


75.03 
74.27 
75.53 
74.30 
70.90 

69.97! 
68.27' 
66.17 
65.27 
63.87 

62.47 
60.33 
60.97 
60.17 
50.17 

60.77 
61.37 
56.50 
55.27 


65.43 
66.40 

68.30 
68.97 
69.33 


72.00  69.63 

7l:70|  69.77 

72.871  70.50 

74.431  70.83 

71.93;  70.97 

70.30!  70.07 

6S.73I  68.63 

67.401  67.53 

66  . 97 1  67  .03 

65.30  66.13 


55.83 i  51.90 


86.48 


1.87 


64.63 
62.87 
62.00 
61.90 
60.57 

60.67 
61.53 
60.23 
59.07 
55.671 


i.44 


65.53 
64.63 
63.27 
63.13 
61.90 

61.53 
61.90 
61.27 
60.93 
58.57 


88.08 


Digitized  by 


Google 


SOIL  TEMPERATURE. 


56 


EXPERIMENT  STATION  BULLETIN. 


TABLE  27.— DAILY  AVERAGE  TEMPERATURES  OF  DIFFERENT  TYPES  OF  SOIL.  SEPTEMBER,  1912. 


»  1 

• 

Sand. 

Uuifi 

• 

Clay. 

Pttt. 

Date. 

6* 

12' 

16' 

... 

18' 

0' 

12' 

18' 

6' 

12' 

16' 

6' 

12' 

10* 

2 

74  10 

71  63 

68  60 

74  40 

71  40 

68  33 

72  20 

68  73 

66  80 

1 

72.83'  69.03 

67  13 

71  87 

67  57 

66  43 

3..!!.!.!. 

73!67 

71.90 

69.63 

73^70 

7L43 

09!l0 

72!  93 

70!l7 

67  ".33 

73.20 

70.37 

68^63 

73!33 

69!l3 

66l40 

4  

72.77 

71.67 

70.10 

72.63 

71.27 

69.63 

73.27 

71.20 

68.47 

72.33 

70.83 

69.60 

73.67 

70.73 

68.30 

5 

73.83 

72.23 

70.03 

73.57 

71.80 

69.90 

73.43 

71.30 

69.07 

72.80 

70.87 

09.63 

73.77 

71.10 

68.97 

6 

73.90 

72  20 

70.33 

73!  93 

71.80 

69!83 

73*53 

71  43 

09  00 

72.63 

71.13 

09!87 

74^07 

71  [47 

09*33 

7 

74  30 

72  43 

70  93 

74  40 

72  57 

70  43 

74  20 

72  03 

60  27 

73.27 

71.73 

70  20 

75  03 

72  00 

69  63 

9  

74^43 

72>3 

70^47 

74.23 

72!03 

70!l0 

73^90 

7l!60 

69.10 

73.87 

71.13 

69!80 

74^27 

71^0 

6977 

10  

75.63 

73.93 

71.80 

75.03 

73.27 

71.40 

76.10 

72.93 

70.03 

74.20 

72.53 

71.07 

75.53 

72.87 

70.50 

11 

73.23 

73.03 

72.17 

72.33 

72.13 

71.50 

74.20 

73.27 

70.67 

73.63 

72.70 

71.43 

74.30 

74.43 

70.83 

12 

66^87 

67!40 

68^73 

66^37 

66.77 

gg*23 

68.40 

70-23 

09*73 

68.00 

69.67 

69.97 

70  loo 

71I93 

70I97 

13 

67  20 

67  00 

67  50 

66  67 

66  53 

67  23 

67  97 

68  60 

68  10 

67.47 

68.17 

68.30 

69  97 

70  30 

70  07 

14  

66!83 

66!73 

66^73 

66!23 

66!30 

66^60 

67137 

67.73 

66!  77 

67.40 

67.37 

67.33 

68127 

68.73 

68l63 

16  

64.17 

64.40 

65.50 

64.07 

64.23 

66.23 

65.13 

66.17 

66.93 

64  87 

65.70 

66.03 

66.17 

67.40 

67.53 

17 

62.23 

63.10 

64.77 

61.63 

62.93 

64.77 

63.80 

66.40 

66.30 

63!30 

64.97 

65.63 

65.27 

66.97 

67.03 

18 

6L43 

g3*53 

64!l7 

61.37 

62^83 

63  67 

03^30 

64.00 

64*23 

63.37 

63.67 

64.27 

63^87 

66^30 

66ll3 

19 

59  57 

60  87 

62  80 

58  97 

60  63 

62  77 

61  03 

63  27 

63  70 

60.23 

62.80 

63.67 

62  47 

64  63 

65  53 

20  

d9!43 

59!57 

6l!l0 

58!97 

59^53 

61.23 

59.60 

6L30 

62^43 

59.33 

60.77 

62.07 

60!33 

62187 

64l63 

21  

61.53 

60.83 

61.43 

62.07 

61.30 

61.37 

60.87 

61.23 

61.60 

61.10 

61.17 

61.63 

60.97 

62.00 

63.27 

23  

59.80 

60.00 

61.40 

59.20 

69.70 

61.37 

60.23 

61.40 

62.00 

61.37 

61.00  61.90 

60.17 

61.90 

63.13 

24 

69.27 

59.10 

60.67 

58.70 

69.23 

60.37 

59.37 

60.47 

60.83 

69.13 

60.27 

60.73 

60.17 

60.57 

61.90 

25  

61.10 

60.57 

61.00 

61.23 

60.60 

60.93 

61.17 

60.73 

60.70 

61.80 

60.77 

61.00 

60.77 

60.67 

61.63 

26  

60.50 

61.40 

62.00 

60.47 

61.23 

62.10 

61.13 

61.83 

61.47 

61.30 

61.90 

62.10 

61.37 

61.53 

61.90 

27  

55.30 

56.43 

59.23 

54.10 

55.93 

58.97 

66.23 

60.70 

60.23 

65.80 

69.43 

60.37 

66.50 

60.23 

61.27 

28  

53.33 

54.97 

57.37 

52.63 

54.90 

67.70 

64.67 

57.43 

69.00 

54.20 

57.10 

68.67 

66.27 

69.07 

60.93 

30  

51.03 

52.13 

54.47 

50.63 

51.93 

64.90 

61.47 

54.43 

56.23 

51.40 

54.00 

66.83 

61.90 

65.67 

68.67 

Monthly 

avtrtgo.. . 

66.40 

65.20 

66.SS 

65.06 

64.60 

65.00 

65.76 

65.82 

66.06 

66.66 

66.56 

65.46 

00.37 

00.44 

OO.N 
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TABLE  28.-DAILY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPRS  OF  SOIL,  OCTOBER,  IW2. 


Qrtvti. 

Stiid. 

LMm. 

City. 

Pttt 

12' 

12' 

•' 

12' 

li' 

0* 

12' 

18' 

0' 

12' 

10' 

53  50 

52  90 

54  53 

52  20 

53  00 

51  53 

55  63 

53  93 

55  36 

62  00 

53  66 

56  33 

51  83 

54  80 

58  17 

2  

53.53 

53!53 

54!96 

53.53 

53.46 

55!]6 

52^73 

64.90 

55!23 

53!20 

54^40 

53.36 

52.03 

54!46 

57!33 

3  

53.20 

54.20 

55.00 

62.46 

54.26 

55.40 

63.20 

67.60 

55.10 

63.16 

54.60 

65.56 

62.73 

64.30 

56.43 

6  

56.03 

59.06 

56.03 

56.33 

55.86 

55.03 

64.76 

65.00 

55.26 

55.46 

55.40 

54.89 

64.36 

54.70 

65.63 

7  

59.03 

58.83 

58.20 

59.03 

58.73 

58.26 

58.60 

57.56 

66.63 

59.00 

57.96 

57.33 

57.73 

55.63 

56.36 

g 

52  90 

54  83 

57  13 

52  03 

54  06 

56  43 

54  10 

57  13 

57  03 

53  90 

56  50 

57  70 

54  70 

66  36 

56  93 

0  

51.56 

52!23 

53.30 

5l!26 

52^06 

54!03 

62.03 

54'23 

55!33 

52^36 

53!90 

54!60 

62!30 

54!86 

56.36 

10  

63.76 

54.13 

54.93 

53.63 

54.13 

65.10 

63.83 

54.76 

56.10 

63.76 

54.66 

55.16 

53.76 

64.76 

56.36 

11  

55.80 

54.96 

54.93 

55.40 

65.10 

55.16 

54.56 

54.70 

54.96 

65.20 

54.66 

54.93 

54.16 

64.66 

56.06 

12  

56.06 

56.26 

56.26 

55.66 

56.26 

56.56 

56.30 

56.76 

55.56 

56.33 

56.40 

56.20 

56.23 

55.36 

56.43 

16 

49  16 

49  90 

51  93 

49  26 

60  20 

52  73 

49  36 

61  60 

53  10 

49  80 

51  40 

52  90 

49  56 

52  76 

55  00 

16  

46^83 

48^00 

60.43 

46.93 

48^40 

50.97 

47.07 

49^90 

5i;67 

47.27 

49l67 

5l!60 

47^43 

50!73 

54!00 

17  

48.60 

48.90 

50.47 

48.57 

49.03 

51.00 

48.00 

49.93 

51.33 

48.20 

49.50 

61.13 

47.37 

50.23 

53.23 

18  

52.27 

51.60 

52.03 

52.63 

52.03 

52.13 

60.63 

51.00 

51.63 

51.67 

60.70 

61.57 

49.50 

50.20 

62.93 

19  

50.20 

50.93 

51.30 

49.87 

51.97 

51.80 

61.50 

51.17 

62.03 

60.97 

52.03 

52.43 

51.03 

50.47 

52.60 

»4 

21  

49.47 

49.57 

50.70 

49.33 

49.70 

61.30 

60.60 

49.03 

61.77 

49.67 

50.30 

51.00 

48.83 

50.93 

53.30 

22 

52  30 

52  87 

52  73 

53  83 

53  00 

52  77 

61  60 

62  57 

51  97 

62  53 

51  77 

61  87 

51  40 

50  37 

52  37 

23  

47!lO 

49!  13 

51.27 

46.80 

49.17 

50!90 

49!97 

49!50 

6l!53 

48^30 

50!83 

5L47 

40.63 

50.00 

5l!67 

24  

44.70 

46.30 

49.60 

44.20 

46.37 

49.80 

48.70 

46.37 

51.60 

45.23 

48.93 

60.83 

47.83 

50.63 

52.10 

25  

44.30 

45.57 

48.13 

44.37 

45.43 

48.47 

47.13 

45.23 

50.00 

44.50 

47.80 

49.40 

46.87 

49.80 

52.03 

26  

45.33 

45.97 

48.07 

45.40 

46.33 

48.80 

44.97 

47.40 

49.33 

46.37 

47  30 

48.87 

45.30 

48.63 

51.30 

28  

46.93 

46.96 

48.20 

46.83 

47.30 

48.63 

45.73 

47.07 

48.67 

46.30 

47.20 

48.40 

45.57 

47.10 

49.87 

29  

48.86 

48.76 

49.33 

48.96 

48.93 

49.66 

47.50 

48.30 

48.96 

48.23 

48.43 

49.03 

46.66 

47.40 

49.73 

30  

45.80 

47.16 

49.16 

45.33 

47.73 

49.26 

46.30 

48.43 

49.16 

46.33 

48.43 

49.10 

46.80 

47.76 

49.73 

31  

41.56 

43.66 

47.13 

40.66 

43.46 

47.80 

42.80 

46.76 

48.83 

42.63 

46.70 

48.46 

44.40 

47.43 

49.40 

Monthly 
avtr»o«-  • 

50.38 

51.05 

52.25 

50.  IS 

51.05 

52.  S7 

50.68 

51.48 

52.00 

50.48 

51.48 

52.01 

50.20 

51.77 

53.08 
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TABLE  29.-DAILY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIU  NOVEMBER,  1912. 


Qrtvtl. 

Sand. 

Loam. 

Clay. 

•  



Paat 

• 

19' 

10 

0 

10 

0 

19' 

la' 

10 

0 

19' 

la' 

V 

12' 

18' 

OO.OU 

11  AA 

11  OA 

97  on 
01  .w 

11  9n 

41  .OU 

Ift  19 
40. 40 

m  in 

4U.  lU 

44. OU 

17  19 
4f  .40 

90  An 
OV.OU 

AA  00 
44.^ 

lA  iUt 
40.00 

11  on 
41  .w 

46  46 

49.33 

2 

OO.Sf 

Tfi  07 

IQ  M 

9A  17 
00. If 

9fl  07 
00. Vf 

19  99 
M.OO 

97  on 
0/  .vu 

19  19 
4^.40 

IS  79 
40.  fO 

9«i  77 
00.  /  / 

19  17 
4^.  1/ 

44  73 

90  m 

Otf  .4U 

44  43 

48  .'47 

4 

37.97 

39.10 

19  n9 

97  K9 
01  .00 

OV.OU 

42  67 

37  63 

in  on 

4U.DU 

43  90 

9s  nn 
00. uu 

40  87 

43  00 

37  20 

4L67 

45  g7 

19 'in 

19*  17 

19  on 

19  97 

19  ftn 

19  $17 
40.9/ 

in  7n 
4U.  /u 

11  fi7 
41 .0/ 

19  izn 

40. OU 

11  97 
41  .Z/ 

19  nn 

4Z.UU 

19  m 

40. 4U 

9fi  A9 
09. 00 

41  10 

44  97 

6  

47.27 

46.67 

46.10 

47.50 

47.27 

46.27 

45.47 

44.53 

44.83 

46.33 

45.03 

45.07 

42.97 

4l!87 

44!53 

7 

45.50 

46  17 

17  nn 

IK  9n 

40.0U 

46  23 

47  13 

Ifi  97 
40. Z/ 

Aa  AA 

40. uu 

45  97 

45  77 

46  27 

46  60 

44  37 

43.53 

44.87 

g 

42  60 

lA  79 

40.  »0 

42  43 

19  19 
40. 40 

45*77 

42  70 

44  83 

46  27 

42  70 

44  90 

4613 

42  43 

43  90 

45.13 

9 

13 

Ifk  19 
40.  lo 

19  n9 

19  97 
40.0f 

lA  An 

40. OU 

19*  in 

4}fi.lU 

44*37 

lA*  in 

40.  lU 

42  23 

11  99 
44.00 

45!70 

42  10 

43.97 

45!97 

At%  in 

40.  lU 

9n 

11  fi9 
44.00 

Ilk  17 
40.4/ 

19  A7 
40.0/ 

4413 

45  27 

AA  17 

44. 1/ 

44  07 

45  13 

42  27 

43  17 

45  50 

12  

40.50 

48.73 

47.27 

49.73 

48.77 

47.33 

47.87 

46!53 

46.10 

48.03 

46;77 

46!37 

45^83 

44!  17 

45!70 

13 

fin  fin 

fin  in 

10  19 

Jtn  9n 

fin  9n 

OU .  M 

10  in 

49. 4U 

tin  in 
ou.iu 

10  n? 

4V.U/ 

17  99 
4/  .00 

OU.Of 

10  9n 

4V.0U 

Ifi  u 

49.00 

48  57 

46.17 

46.43 

14 

41  fa 

11  in 

n.  lU 

17  RA 
4/  .Oil 

m  on 

4U.OU 

19  09 
40.  VO 

17  an 
4/  .OU 

19  79 

40.  /O 

17  9n 

4f  ,0U 

Ifi  9n 
40. OU 

19  77 
40.  /  / 

17  n? 

4/  .Ml 

48  27 

45*33 

4q'qq 

46!50 

15 

'>7  07 
0#  .Vi 

m  19 

11  1:9 
44.00 

97  K7 
Of  .Of 

in  A7 

4U.Df 

11  on 
44. vu 

90  M 

ov.oo 

AA  |0 
44. 10 

lA  on 

40. 0U 

90  n9 
ov.uo 

19  An 

40. DU 

lAon 

40.  w 

41^93 

45'gQ 

47  loo 

16 

Vi  on 

AO. Ml 

^  99 
00.00 

19  7n 
V6.  Ill 

9I»  Ji7 
oO.Of 

9fi  7n 
Oo.  fU 

19  17 
40. 1/ 

97  99 
0/ 

11  B9 
41 .00 

11  fin 

44. oU 

9A  S7 
00. 0/ 

11  9n 

41  .OU 

19  7n 

40.  /U 

39  27 

43  80 

46  93 

18  

37.93 

39.07 

41.87 

37.37 

39.13 

42.27 

37.47 

40.30 

42.90 

37.80 

40.27 

42.27 

37^63 

41.07 

44!33 

y 

19  

38.83 

39.67 

41.93 

38.63 

39.77 

42.23 

38.07 

40.37 

42.77 

38.53 

40.47 

42.13 

37.70 

40.33 

43.93 

20  

39.03 

39.37 

42.13 

38.70 

39.37 

42.40 

38.27 

40.87 

42.43 

38.47 

41.03 

42.37 

38.20 

40.40 

43.43 

21  

11  97 

11  97 

19  9n 

11  19 
41.40 

11  A7 
41 .0/ 

19  A9 

m  99 

4U.00 

11  nn 
41  .uu 

19  97 
42. ^Si 

in  An 

4U.DU 

11  97 

41 .0/ 

42  07 

39  03 

39  67 

42  50 

22  

38.27 

39.67 

42.37 

38.03 

40.10 

42.73 

38.80 

41.53 

42.90 

38.60 

41.57 

42^73 

39!l0 

40!50 

42!77 

23  

36.90 

38.55 

41.60 

36.75 

38.85 

41.95 

37.55 

40.60 

42.50 

37.35 

40.50 

42.20 

38.10 

40.50 

42.95 

26.'..'  

35.83 

37.37 

40.17 

35.40 

37.60 

40.77 

35.97 

39.00 

41.70 

36.07 

38.97 

41.03 

36.67 

39.73 

42.77 

26  

34.73 

36.30 

39.10 

34.23 

36.50 

39.73 

34.97 

38.00 

40.60 

35.00 

37.90 

39.90 

35.63 

38.60 

41.93 

27  

34.87 

36.30 

38.97 

34.57 

36.40 

39.43 

34.87 

37.83 

40.30 

34.90 

37.73 

39.60 

35.47 

38.40 

41.63 

29  

35.45 

36.70 

39.40 

35.00 

37.50 

39.90 

35.35 

38.15 

41.30 

35.45 

38.00 

39.85 

35  85 

38.55 

41.80 

30  

34.87 

36.30 

38.73 

34.50 

36.43 

39.40 

34.80 

35.70 

40.10 

35.00 

37.70 

39.27 

35.20 

37.87 

41.13 

Monthly 

40.44 

41.13 

4S.S2 

39.11 

41.32 

43.67 

46.fi 

42.28 

44.12 

46.fi 

* 

42.29 

43.79 

49.99 

42.11 

44.98 
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Before  entering  into  the  diRcussion  of  the  foregoing  results,  the  reader 
should  be  reminded  again  that  all  these  different  types  of  soil  were  cov- 
ered with  a  thin  layer  of  a  sandy  soil  in  order  to  eliminate  the  factor  of 
color  as  this  factor  was  investigated  in  a  separate  experiment,  the  results 
of  which  will  be  presented  subsequently. 

The  thin  layer  of  the  sandy  soil,  besides  giving  the  different  soils 
about  the  same  shade  of  color,  tended  also  to  equalize  the  rate  of  evapo- 
ration of  their  moisture.  Both  color  and  evaporation  have  a  very  marked 
influence  upon  the  soil  temperature.  If  these  different  soilsi  therefore, 
had  not  been  covered  with  the  thin  layer  of  the  sandy  soil,  probably 
somewhat  different  i-esults  might  have  been  obtained  as  indicated  by  the 
data  of  the  experiment  on  the  effect  of  different  amounts  of  organic 
matter  on  soil  temperature — later  to  be  presented.  The  temperature  of 
these  different  soil  types,  however,  uncovered,  is  now  being  investigated 
and  the  data  will  be  reported  later. 

With  these  facts  in  mind  a  detailed  discussion  of  the  foregoing  results 
is  now  in  order. 

Beginning  with  the  middle  of  November  it  is  found  that  the  daily 
average  temperature  of  the  different  .types  of  soil  runs  somewhat  in 
this  manner:  The  temperature  at  all  three  depths  of  all  the  different 
soils  decreased  gradually  until  December  1  when  the  upper  6  inches 
of  every  soil  froze.  They  all  stayed  frozen  for  a  few  days,  then  thawed 
and  froze  again  the  latter  part  of  December.  About  this  time  the 
lower  depths  also  began  to  freeze.  The  12-inch  depth  of  the  gravel  froze 
December  29,  of  the  sand  December  30,  of  the  loam  January  1,  of  the 
clay  January  2,  of  the  peat  January  2.  The  18-inch  depth  of  the 
gravel  and  sand  froze  January  3,  of  the  clay  January  9,  of  the  loam 
January  12,  and  of  the  peat  January  20.  None  of  the  temperatures  of 
any  of  "the  depths  of  any  of  the  soils  remained  at  the  freezing  point 
but  continued  to  fall  rapidly  until  a  minimum  was  reached  and  then 
began  to  rise  again.  At  the  depth  of  6  inches  the  average  minimum 
was  reached  for  gravel  January  6  with  19.96°  F.,  for  sand  January 
6  with  14.73°,  for  loam  January  8  with  21.86°,  for  clay  January  8 
with  21.7°,  and  for  peat  January  8  with  19.63°.  At  the  depth  of  12 
inches  the  lowest  average  temperature  was  reached  for  gravel  January 
8  with  28.96°,  for  sand  January  8  with  23.00°,  for  loam  January  15 
witih  28.6°,  for  clay  January  17  with  27.13°,  and  for  peat  January  13 
with  27.8°.  At  the  depth  of  18  inches,  the  average  minimum  was  at- 
tained for  gravel  January  13  with  29.7°,  for  sand  January  17  with  30.1°, 
for  loam  January  20  with  30.5°,  for  clay  January  22  with  29.83°,  and 
for  peat  January  30  with  30.76°.  The  rising  in  every  case  was  gradual, 
varying  slightly  from  day  to  day  and  tending  to  attain  the  freezing 
point,  but  was  below  this  throughout  the  cold  period.  Up  to  February 
19  the  temperature  of  the  upper  6  inches  fluctuated  near  28.0°,  then 
rose  to  about  30.0°  and  remained  near  that  point  till  thawing  com- 
menced. The  temperature  of  the  12-inch  depth  rose  shortly  after  the 
minimum  was  attained  to  about  29.0°  and  stayed  near  that  tempera- 
ture until  about  the  middle  of  February,  then  rose  to  about  30.0°  F.  and 
remained  at  about  that  point  also  till  thawing  took  place.  The  tem- 
perature of  the  18-inch  depth  of  all  the  soils  ranged  near  30.0°  to  31.0° 
F.  from  the  time  the  lowest  temperature  took  place  till  the  thawing 
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period.  The  thawing  commenced  about  the  beginning  of  April.  The  vari- 
ous soils  and  the  different  depths  within  the  same  soil  thawed  at  differ- 
ent dates.  The  6-inch  depth  of  the  gravel  and  sand  thawed  April  5,  of 
the  clay  April  6,  of  the  loam  April  7  and  of  the  peat  April  15.  The 
12-inch  of  the  gravel  thawed  April  5,  of  the  sand  April  6,  of  the  clay 
April  10,  of  the  loam  April  13  and  of  the  peat  May  1.  The  18-inch  depth 
of  the  gravel  and  sand  thawed  April  7,  of  the  clay  April  12,  of  the  loam 
April  15,  and  of  the  peat  April  24. 

Immediately  after  the  commencement  of  thawing,  the  temperature  of 
the  different  soils  at  the  6-inch  depth  began  to  rise  quite  rapidly  but 
at  different  rates.  The  temperature  of  both  the  gravel  and  sand  rose 
far  above  that  of  the  other  soils,  followed  by  clay,  loam,  and  peat  re- 
sjiectively.  This  order  of  magnitude  continued  until  all  the  lower 
depths  of  the  heavier  soils  thawed,  then  their  temperature  rose  rapidly 
and  approached  that  of  the  lighter  soils.  The  time  that  it  took  the 
heavier  soils  to  attain  the  same  temperature  as  the  lighter  soils  at  the 
6-inch  depth  varied  with  the  soil,  for  the  clay  it  was  11  days  (April 
16),  for  the  loam  12  days  (April  17),  and  for  the  peat  32  days  (May 
6),  from  the  date  the  upper  6  inches  of  the  gravel  and  sand  began 
to  thaw.  From  these  dates  on,  the  temperature  of  the  upper  surface 
of  all  the  soils  ran  about  the  same. 

The  temperature  of  all  the  soils  at  all  three  depths  continued  to  rise 
till  July  when  the  maximum  temperature  was  attained,  and  then  began 
to  fall.  At  the  depth  of  6  inches  the  highest  average  temperature  for 
all  soils  was  reached  on  July  11  with  the  following  magnitude:  gravel 
79.26°,  sand  77,4°,  loam  78.86°,  clay  76.73°,  peat  79.33°.  At  the  depth 
of  12  inches  the  highest  average  temperature  was  attained  for  gravel 
on  July  11  with  76.8°,  for  sand  July  10  with  75.16°,  for  loam  July  12 
with  75.26°,  for  clay  July  11  wfith  74.73°,  and  for  peat  July  12  with 
75.73°.  While  at  the  depth  of  18  inches  the  highest  average  tempera- 
ture is  shown  by  gravel  and  sand  on  July  12  with  73.36°  and  72.2°,  re- 
spectively, by  loam  July  13  with  71.63°,  by  clay  July  13  with  72.5°,  and 
by  peat  July  13  with  72.23°.  From  these  dates  on,  the  temperature  of 
all  the  soils  at  all  three  depths  fell  irregularly  but  gradually  till 
freezing. 

The  data  for  the  second  year,  or  cycle,  are  not  presented  here  but 
they  are  on  file  and  show  that  as  far  as  they  go  they  confirm  the  first 
yearns  results  perfectly.  The  first  freezing,  for  instance,  occurred 
about  the  middle  of  December,  and  as  in  the  previous  year  the  upper 
6  inches  of  all  the  soils  froze  about  the  same  time  as  shown  by  the  fol- 
lowing dates:  Gravel  and  sand  Dec.  12,  loam  and  clay  Dec.  13,  and 
peat  Dec.  14.  All  these  soils  remained  frozen  at  this  depth  until  Dec. 
18th  when  they  all  thawed  and  froze  again  Dec.  23.  The  12-inch  depth 
of  the  gravel  and  sand  froze  Feb.  3,  of  the  clay  and  loam  Feb.  5,  and 
of  the  peat  Feb.  6,  while  the  18-inch  depth  of  the  gravel  froze  Feb.  6,  of 
the  sand  Feb.  8,  of  the  loam  Feb.  11,  of  the  clay  Feb.  10  and  of  the 
peat  Feb.  23.  The  lowest  average  temperature  that  all  the  different 
soils  reached  at  the  upper  6-inch  depth  was  on  Feb.  13,  with  the  fol- 
lowing results:  Gravel  22.43°  F.,  sand  19.60°,  loam  23.30°,  clay  23.93°, 
and  peat  20.50°.  In  the  spring  all  these  soils  thawed  in  the  same  order 
as  in  the  first  spring. 
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Thus  far  the  daily  march  of  average  temperatui'e  for  the  five  differ- 
ent kinds  of  soils  has  been  given  without  any  comment  or  explanation 
of  the  results.  It  will  not  be  well  to  discuss  the  foregoing  data  in  a 
brief  manner  and  emphasize  the  most  important  and  essential  facts. 
After  this  the  consideration  of  the  meteorological  elements  and  their 
influence  upon  the  foregoing  results'  will  he  in  order. 

One  of  the  most  important  facts  that  needs  emphasis  is  the  rate  at 
which  all  the  different  types  of  soil  cooled  and  froze  at  the  upper  6-inch 
depth.  It  is  a  common  belief,  and  a  logical  one,  that  the  lightest  soils 
cool  the  fastest  and  the  heaviest  soils  the  s\owest,  and  warm  up  in  the 
some  order.  The  preceding  data,  however,  show  very  conclusively  that 
the  gravel  and  sand  at  the  upper  6-inch  depth  cooled  and  froze  about 
the  same  time  as  the  clay,  loam  and  peat. 

In  the  spring  the  two  light  soils  thawed  at  the  upper  depth  first  and 
both  at  the  same  time,  followed  by  clay,  one  day  later,  loam  two  days 
later,  and  peat  ten  days  later,  and  that  the  temperature  of  the  light  soils 
rose  and  remained  far  above  that  of  the  heavy  soils,  for  some  time. 

The  question  now  is  why  should  there  be  this  anomaly  or  disagree- 
ment. The  explanation  may  be  found,  as  will  be  subsequently  given, 
in  the  difference  in  the  moisture  content  of  the  various  soils  and  in  the 
fluctuating  downward  and  upward  trend  of  the  air  tx?mperature  in  the 
fall  and  spring  respectively. 

As  •  previously  stated,  the  moisture  content  of  these  soils  was  deter- 
mined at  various  times  of  the  year.  In  table  4  are  giv^en  the  determina- 
tions of  April  3  just  before  thawing  commenced  and  in  November  4 
when  the  rapid  cooling  began.  It  is  seen  that  the  percentage  of  the 
water  content  varies  tremendously  among  the  various  soils  which  in 
turn  affects  their  specific  heat  very  greatly.  As  shown  in  that  table 
(4)  100  heat  units  or  calories  will  raise  the  temperature  of  the  soils  in 
the  dry  condition  as  follows:  gravel,  .00805°  C.  sand  .01117°,  loam 
.01401°,  clay  .01899°,  peat  .02374°.  When  the  moisture  content  is  also 
considered  then  the  raise  is  as  follows :  gravel  .006520°  C,  sand  .005876°, 
loam  .004848°,  clay  .005690°,  peat  .002127°.  These  latter  fipres  show- 
that  the  temperature  of  the  sand  or  gravel  rises  two  or  three  times  higher 
than  that  of  the  peat  with  the  same  number  of  heat  units.  From  this 
we  should  expect  that  in  the  spring  the  light  soils  should  warm  much 
earlier  than  the  peat  soils,  and  in  the  fall  they  should  cool  in  the  same 
order.  The  foregoing  data  show  that  in  the  spring  they  do  warm  up 
in  the  order  given  or  in  the  order  of  their  specific  heats,  but  in  the 
fall  they  cool  almost  at  the  same  rate  and  freeze  about  the  same  time. 

The  difference  in  the  moisture  content  together  with  the  upward  and 
downward  trend  of  temperature  in  the  spring  and  fall  respectively, 
account  for  this  disagreement.  In  the  spring  the  daily  march  of  the 
air  temperature  has  a  continually  upward  trend.  The  lighter  soils  hav- 
ing the  lowest  specific  heat  warm  up  early  and  their  temperature  fiuctu- 
ates  as  the  weather  elements  vary,  but  the  trend  is  upward.  The  heavier 
soils  and  especially  the  peat  having  the  greatest  heat  capacity  warm  np 
slowly  but  gradually  and  finally  reach  the  same  temperature  as  the 
lighter  soils.  In  the  fall  the  trend  of  the  air  temperature  is  downward 
as  is  also  that  of  the  soils.  On  certain  days  the  air  temperature  falls 
very  low,  whereupon  all  the  soils  are  cooled,  the  light  soils  the  most 
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and  the  heavy  soils  the  least;  next  day  the  air  temperature  rises  con- 
siderably and  the  temperature  of  the  soils  rises  according  to  their 
specific  heat:  the  light  soils  attain  the  highest  temperature  as  in-  the 
spring,  and  the  heavier  soils  the  lowest;  another  day  follows  with  very 
low  temperature  whereupon  all  the  soils  lose  heat  again  in  the  same 
order  as  above:  the  sand  and  gravel  as  usual  lose  more  than  the  other 
soils,  but  they  attained  a  higher  temperature  during  the  day  time  and 
consequently  have  more  apparent  heat  to  lose.  These  alternate  cold  and 
warm  days  with  the  downward  trend  of  air  temperature  tend  to  keep 
the  lighter  soils  as  warm  as  the  heavier  soils. 

If  the  air  temperature  would  continue  to  drop  very  rapidly  without 
any  warm  days  intervening,  then  the  light  soils  would  cool  or  freeze 
most  rapidly  and  would  continue  to  have  a  much  lower  temperature. 
This  is  well  illustrated  whenever  a  severe  cold  weather  sets  in  as  on 
January  8,  1911,  when  the  coldest  day  of  the  year  occurred  and  the 
soil  temperature  dropped  very  low.  On  this  date  the  light  soils  cooled 
the  most  and  the  heavy  soils  the  least.  It  is  in  such  occasions  or  cir- 
cumstances as  these  that  high  moisture  content  becomes  an  advantage 
and  renders  highly  practical  benefits. 

The  next  most  interesting  fact  that  the  foregoing  tables  and  charts 
show  is  the  same  magnitude  of  temperature  in  the  upper  6  inches  of  all 
the  different  types  of  soil  at  all  times  except  during  thawing.  Here 
again  it  is  the  common  belief  that  the  light  soils,  for  the  same  reason 
that  they  warm  up  the  fastest  in  the  spring  and  cool  most  rapidly  in 
the  fall,  have  the  highest  temperature  during  the  summer  months  and 
lowest  during  the  winter  months.  The  data,  as  already  stated,  show 
most  decidedly  that  the  average  temperatures  of  all  the  soils  in  the 
upper  6-inch  layer  are  practically  the  same,  varying,  as  a  monthly  aver- 
age, only  about  1°  F.  from  May  through  summer  and  fall  till  freezing 
time,  and  this  slight  variation  being  in  favor  of  the  peat  during  July, 
August,  and  September.  The  variation  is  greater  than  1°  on  certain 
individual  days  but  this  is  largely  due  to  rapid  changes  in  the  air  tem- 
perature and  to  some  other  temporary  factors. .  The  12  and  18-inch 
depths  of  all  the  soils  have  also  practically  the  same  temperature 
throughout  the  year  except  during  thawing. 

Theoretically,  that  is  Tvhat  should  be  expected  if  heat  conductivity 
had  nt)  very  marked  influence,  and  if  all  the  other  conditions,  evapora- 
tion, color  and  radiation,  were  about  equal.  The  color  w^as  eliminated 
by  covering  all  the  soils  by  the  same  kind  of  soil;  there  was  probably 
not  a  very  great  difference  in  evaporation.  If  these  two  factors  were 
about  equal  for  all  soils  then  they  all  received  about  the  same  amount 
of  ivarmth  during  the  sun  insolation.  Their  temperature,  however,  rose 
to  different  degrees  on  account  of  their  different  specific  heats.  The 
light  soils  having  the  smallest  heat  capacity  under  the  field  conditions 
attained  the  highest  temperature  during  the  day  and  the  heavier  soils 
the  lowest.  During  the  night  they  all  cooled  and  since  the  previous 
study  on  radiation  shows  that  all  soils  in  well-moistened  condition 
radiate  equally  well  and  since  all  these  soils  were  covered  w  ith  the  same 
kind  of  soil  and  since  it  is  conceived  that  radiation  takes  place  at  the 
surface,  then  all  the  soils  lost  about  the  same  amount  of  heat,  but 
received  different  d^rees  of  loTvering  of  temperature  on  account  of 
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their  different  specific  heats:  the  light  soils  with  the  smallest  heat 
capacity  cooled  the  most  and  the  heavier  soils  with  the  largest  capaxiity 
for. heat  the  least.  The  aver'age  between  the  maximum  and  minimum 
temperature  ought  to  give  the  same  temperature  for  all  the  soils.  That 
is  just  what  has  been  obtained. 

The  temperature  of  the  peat  during  the  summer  months  is  very  inter- 
esting and  deserves  spe<nal  attention.  This  material  has  not  only  the 
greatest  water  holding  capacity  of  any  other  soil,  but  also  the  ability 
to  absorb  considerable  moisture  from  the  air,  and  on  account  of  the 
slow  but  continuous  evaporation  of  the  water  the  temperature  of  this 
soil  is  kept  low  or  much  lower  than  that  of  other  soils,  as  will  be  shown 
in  a  subsequent  experiment,  but  when  it  is  covered  with  a  thin  layer 
sand,  as  was  done  in  the  present  experiment,  its  temperature  is  higher 
that  that  of  the  other  different  types  of  soil.  A  thin  top  dressing  of 
sand,  therefore,  appears  to  increase  the  temperature  of  peat  soils.  This 
seems  to  be  true  also  with  the  other  heavy  soils. 

Tt  would  seem,  then,  from  this  study,  that  the  greatest  difference 
in  temperature  between  the  different  types  of  soil  exists  in  the  early 
spring  during  thawing  and  immediately  afterwards.  Perhaps  this  is 
the  most  important  period  of  the  year  from  the  practical  or  agricul- 
tural point  of  view,  and  especially  where  planting  in  the  spring  has 
to  be  done  very  early,  because  at  this  season  small  differences  in  the 
temperature  will  make  great  differences  in  the  rate  of  germination  of 
seed  and  in  the  rate  of  growth  of  plants.  The  differences  in  the  present 
case  are  quite  appreciable.  As  has  already  been  mentioned,  the  gravelly 
and  sandy  soils  not  only  thawed  first  followed  by  clay  1  day  later, 
loam  2  days  later,  and  peat  10  days  later,  but  the  temperature  of  the 
former  soils  rose  immediately  about  10°  or  more  above  that  of  the 
other  soils.  It  took  the  clay  soil  11  days  to  attain  the  same  tempera- 
ture as  the  light  soils,  the  loam  12  days  and  the  peat  32  days.  Since 
this  difference  in  the  rate  of  thawing  and  rising  of  temperature  in  the 
various  soil  types  is  largely  due  to  their  different  water  content,  and 
hence  to  the  specific  heat  of  water,  the  conclusion  is  irresistable  that 
water  is  the  most  predominal  controlling  agent  of  soil  temi)erature  at 
this  period  and  is  of  disadvantage.  This  disadvantage,  however,  becomes 
an  advantage  during  the  rapid  fall  of  the  air  temperature  in  the  cold 
parts  of  the  year. 

Special  attention  might  also  be  called  to  the  thawing  of  the  18-inch 
depth  of  peat  7  days  before  the  12-inch.  This  is  interesting  because  it 
tends  to  confirm  the  general  theory  that  the  soil  receives  in  the  winter 
some  heat  from  the  interior  of  the  earth. 

EFFECT  OF  THE  METEOROLOGICAL    ELEMENTS    ON    THE    SOIL  TBMPERATURB. 

So  far  the  temperature  of  the  different  types  of  soil  has  been  con- 
sidered as  affected  or  controlled  by  the  difference  of  their  intrinsic  or 
soil  factors.  It  will  now  be  well  to  consider  the  temperature  of  these 
soils  in  relation  to  the  external  or  meteorological  elements  which  are 
air  temperature,  sunshine,  wind  pressure,  precipitation,  dew  point, 
cloudiness,  etc.  These  meteorological  elements  are  very  complex  as  to 
their  behavior  and  make  it  very  diflScult  to  see  the  influence  of  all  of 
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them  on  the  soil  temperature.  In  the  first  place,  some  of  them  run  in 
a  direct  or  parallel  course  with  each  other,  while  others  run  in  an 
inverse  course.  This  opposing  or  contrary  action  makes  it  very  hard 
to  notice  or  correlate  the  influence  of  any  element  on  soil  temi)erature 
unless  it  is  xery  predominant.  In  the  second  place,  all  these  elements 
do  not  obey  the  same  law  from  day  to  day  and  hence  this  makes  it  still 
more  difficult  to  trace  their  influence  on  the  soil  temperature. 

As  a  rule,  however,  they  tend  to  act  with  one  another  in  the  fol- 
lowing manner:  (1)  the  air  temperature  tends  to  vary  inversely  with 
the  pressure;  (2)  the  sunshine  varies  directly  with  the  prsssure;  (3) 
the  air  temperature  tends  to  vary  directly  with  the  sunshine  in  the 
snmmer;  (4)  the  dew  point  varies  directly  with  the  air  temperature; 
(5)  the  wind  velocity  may  vary  directly  with  either  extreme  of  pres- 
sure; (6)  the  precipitation  may  be  inversely  proportional  to  the  pres- 
sure. 

Some  of  these  meteorological  factors  tend  to  increase  the  soil  tempera- 
ture and  others  to  decrease  it.  High  air  temperature  would  tend  to 
raise  the  temperature  of  the  soil  while  low  barometric  pressure  would 
favor  greater  evaporation  and  consequently  the  soil  temperature  would 
be  kept  down,  all  other  conditions  being  equal.  Sunshine  varying  di- 
rectly with  the  pressure  would  have  a  very  positive  influence  in  the 
warming  of  the  soil.  The  wind  velocity  would  have  a  cooling  effect  both 
on  account  of  the  continual  movement  of  cool  air  and  because  of  its 
accelerating  effect  upon  evaporation.  Precipitation  in  early  spring 
may  and  may  not  raise  the  soil  temperature,  but  in  the  summer  it  would 
tend  to  lower  it  both  because  its  temperature  is  lower  than  that  of 
the  soil,  and  because  of  the  greater  evaporation  that  ensues  immedi- 
ately after  a  rainfall. 

Space  does  not  permit  to  discuss  and  to  point  out  in  detail  the  in- 
fluence of  these  elements  singly  or  in  combination  on  the  present  soil 
temperaturas  study.  The  reader  can  get  a  fair  idea  of  their  general 
nm  and  influence  by  an  examination  of  the  charts.  It  will  suffice  to 
say  that  the  only  factor  which  the  soil  temperature  follows  very  closely 
and  overwhelmingly  is  the  air  temperature  and  hence,  also,  the  dew 
point.  The  relationship  of  the  soil  temperature  to  the  other  elements 
is  not  very  regular  simply  because  their  influences  are  secondary  to 
that  of  the  air  temperature,  also  on  account  of  the  fact  that  they  vary 
so  much  from  day  to  day.  also  because  their  influences  are  opposed, 
hence  the  effect  of  the  one  is  offset  by  the  effect  of  the  other. 

Special  attention  may  be  called  to  the  effect  of  rainfall  and  snow 
on  the  soil  temperature.  It  is  the  common  belief  that  both  these  ele- 
ments exert  a  large  influence  on  soil  temperature.  It  is  claimed  that 
in  the  spring  the  precipitation  tends  to  raise  the  soil  temperature  very 
perceptibly  and  in  the  winter  the  snow  acts  as  a  blanket  over  the  soil 
and  prevents  its  rapid  loss  of  heat  and  thereby  keeps  its  temperature 
high. 

Data  collected  on  both  these  factors  have  led  to  the  conclusion  that 
the  rainfall  has  been  given  more  importance  than  it  really  deserves  but 
that  the  snow  does  perform  well  the  function  that  is  attributed  to 
it  As  to  the  former,  it  will  be  seen  by  referring  to  the  charts  for 
April  and  May  that  whenever  it  rained  the  temperature  of  both  the 
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air  and  the  soil  went  down  far  below  what  it  was  before  the  rain  began. 
This  might  have  been  an  exceptional  spring,  but  even  then  it  does  not 
appear  that  the  rainfall  could  be  verv  effective  in  raising  the  tempera- 
ture of  soil  when  it  is  considered  (1)  that  it  could  be  warmed  up  much 
faster  on  a  rainless  warm  day,  and  (2)  that  the  evaporation  after  the 
rainfall  would  tend  to  offset  whatever  warming  effect  the  precipitation 
might  have  had. 

From  the  theoretical  standpoint  snow  ought  to  protect  the  soil  from 
very  severe  freezing  and  thus  keep  its  temperature  higher  and  steadier. 
Its  effect  would  seem  to  be  analogous  to  that  of  a  cover  crop,  cover  of 
straw,  etc.  It  ought  to  act  as  a  blanket  and  reduce  the  rapid  loss  of 
heat,  first  by  preventing  the  convection  and  wind  current  from  coming 
in  contact  with  soil,  and  second,  because  it  is  such  a  poor  heat  con- 
ductor. Where  the  thickness  of  the  layer  is  considerable,  snow  is  a 
very  efficient  agent  in  protecting  the  soil  from  very  low  temperature. 
An  experiment  that  was  conducted  in  the  winter  of  1912-1913  by  plac- 
ing two  electrical  resistance  thermometers  6  inches  into  the  ground, 
the  area  over  one  being  kept  free  from  snow  and  that  over  the  other 
being  kept  covered  with  snow,  sho^ns  a  marked  difference  in  tempera- 
ture between  the  two  cases.  For  instance,  on  March  5,  when  the  mini- 
mum air  temperature  was — 1°  F.,  the  temperature  of  the  soil  covered 
witlL'  about  5  inches  of  snow  was  29.6°  F.,  while  that  being  free  of 
snow  was  23.6°  F.  On  March  7,  when  the  minimum  air  temperature 
registered — 10°  F.,  the  temperature  of  the  snow  covered  soil  was  28.9° 
F.,  while  that  of  the  bare  soil  was  22.7°  F.  Before  the  snow  had  fallen, 
how^ever,  the  temperature  of  both  plots  was  the  same  and  fluctuated 
to  the  same  degree  and  with  the  same  rapidity  in  both  cases  as  the 
air  temperature  varied.  The  temperature  records. taken  on  the  different 
types  of  soil  and  also  on  the  soil  with  different  amounts  of  organic 
matter  throughout  two  winters  show  also  very  abundantly  that  when- 
ever these  soils  were  covered  with  a  thick  layer  of  snow  their  tempera- 
ture remained  much  higher  and  steadier  than  when  they  were  entirely 
unprotected,  for  the  same  or  greater  fall  of  air  temperature.  A  typical 
example  of  this  fact  will  be  found  in  the  months  of  February  and 
March,  1913.  During  the  first  part  of  February,  the  soils  were  free  of 
snow,  and  their  temperature  fell  very  low  whenever  the  air  temperature 
dropped  down  very  low.  On  the  6th  of  that  month,  for  instance,  the 
minimum  air  temperature  registered  was  3°  F.,  and  the  temperatures  of 
some  of  the  light  soils  went  down  as  low  as  12°  F.  On  the  7th  of 
March,  however,  the  soils  were  covered  with  about  5  inches  of  snow. 
The  minimum  air  temperature  registered  for  this  day  was — 10°  F.,  while 
the  temperature  of  all  the  soils  remained  along  the  freezing  point,  32° 
F.,  showing  very  conclusively  that  snow  tends  to  protect  the  soil  from 
very  rapid  changes  and  low  temperature,  and  it  is  therefore  of  great 
advantage  in  the  winter  time.  This  advantage,  however,  becomes  a 
temporary  disadvantage  in  the  spring  because  a  layer  of  snow  will  re- 
tard thawing  on  account  of  the  large  latent  heat  of  fusion  of  snow. 

This  protecting  effect  of  snow  is  undoubtedly  greater  on  soils  covered 
with  straw  or  with  growing  vegetation  which  was  planted  in  the  fall 
than  on  bare  soils,  because  the  vegetation  being  very  porous  and  corn- 
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ing  between  the  surface  soil  and  the  snow  prevents  a  very  intimate 
contact  between  the  two  and  thereby  cuts  down  the  rapid  loss  of  heat. 

DAILY  AND  MONTHLY   RANGE  OP  TEMPERATURE. 

Mention  has  been  made  that  the  temperature  of  the  different  soil 
tyjies  under  discussion,  was  recorded  three  times  a  day,  at  7  a.  m.,  12 
ni.,  and  G  p.  m.  At  these  i)eriods  h\0i  and  low  temperatures  wen»  ob 
tained  at  all  three  depths.  These  temperatures  are  ])robably  not  the 
absolute  maximum  and  minimum.  To  obtain  these  it  is  necessary 
either  to  take  records  very  often  or  continuously  by  means  of  thermo- 
graphs or  other  continuous  self  recrording  instrumonts,  because  the 
absolute  maximum  and  minimum  temperatures  of  the  various  soils  and 
of  the  different  depths  occur  at  different  times.  These  low  and  high 
temperatures  as  obtained  tri-umally  in  the  present  work,  however,  are 
believed  to  be  very  close  approximations  to  the  absolute  maximum  and 
minimum,,  and  especially  for  the.  upper  6-inch  depth,  which  of  course, 
for  practical  purposes,  is  the  most  important.  The  half-hour  records 
which  were  taken  at  various  times  for  the  heat  conductivity  measure- 
ments, as  well  as  the  daily  tri-urnal  records,  show  that  as  a  general 
rule  the  minimum  occurred  for  the  gravel  and  sand  about  7  a.  m.,  for 
the  clay  and  loam  about  12  m.,  and  for  the  peat  about  6  p.  m.  On 
the  other  hand  the  maximum  was  attained  for  the  gravel  and  sand 
alK>ut  6  p.  m.,  for  the  clay  and  loam  a  little  later,  and  for  the  peat 
about  7  o'clock  the  following  morning.  The  differen(e  from  the  regular 
period  to  the  time  the  highest  or  lowest  reading  was  recorded  is,  there- 
fore, not  very  large. 

These  high  and  low,  or  maximum  and  minimum,  temperatures  for  all 
the  different  soils  and  for  alb  three  different  depths  are  shown  in  the 
following  tables  and  diagrams.  The  tables  contain  the  daily  and  month- 
ly high  and  low  temperature  for  each  soil  and  for  each  depth.  On  tho 
diagrams  are  plotted  the  differences  or  amplitudes  of  these  nuiximum 
and  minima.  The  daily  meteorological  elements  are  also  plotted  and  are 
the  .same  as  in  the  foregoing  charts,  except  the  air  temperature,  in 
which  case  the  difference  or  amplitude  is  shown  here  instead  of  the 
average  as  in  the  preceding  charts. 
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TABLE  30.- DAILY  MAXIMUM 'AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL. 

DECEMBER,  1911. 


Date- 

Gravtl. 

Sand. 

Loam. 

Clay. 

Paat 

12* 

18' 

9' 

12' 

IS' 

9' 

12' 

18' 

9' 

12' 

18' 

9' 

12' 

19' 

J  [Max... 

32. 

31.3 

33.5 

33. 

39.9 

35.9 

31.7 

31. 

33  8 

33.2 

39.9 

36.8 

31.9 

31.8 

34.9 

34.1 

87.9 

37.2 

31.9 

31.5 

34.9 

34.5 

37. 

36.1 

32. 1 

31.9 

34.5 

34.1 

37.9 

37.5 

o/Max... 

^iMin... 

32. 

31.5 

33.5 

33. 

39.5 

36.1 

32. 

31.7 

34. 1 

33.5 

37.4 

36.9 

32. 

31.9 

34.7 

34.3 

37.7 

36.8 

32. 

31.9 

35. 

34. 

39.9 

36.2 

82. 

31.9 

34.5 

34. 

87.5 

37.1 

.(Max... 

32.2 

31.2 

33.5 

33.2 

89.7 

36.2 

3?'.i 

34.3 

34. 

89.9 

36.1 

32.2 

31.9 

34.9 

34.3 

37. 1 

36.8 

32.2 

32. 

34.5 

.34.5 

39.9 

36.7 

82. 1 

31.8 

34.5 

34. 

87.9 

37.3 

c/Max... 

^IMin.... 

32.5 

32.3 

34.5 

34. 

89.5 

36.2 

82. 

31.8 

34. 

33.9 

37. 

36.6 

32. 1 

32. 

85. 

34.8 

37. 

36.9 

38. 

32.2 

35. 

34.8 

89.8 

36.7 

82.9 

32.2 

34.9 

34.2 

87.9 

37. 

./Max... 

32.4 

32.2 

33.9 

33.7 

89.5 

36.2 

32. 1 

31.9 

34. 

33.8 

39.7 

36.5 

82.8 

32.1 

34.5 

34.3 

87. 

36.8 

32.9 

31.9 

34.9 

34.2 

89.5 

36.3 

32. 1 

32. 

34.5 

34.1 

87.2 

37. 

31.8 

31.7 

33.5 

33.1 

89. 

35.7 

81.7 

31.2 

34. 

32.7 

89. 1 

35.8 

32. 1 

31.5 

34. 

33.9 

89.8 

36.3 

32. 1 

31.9 

34. 1 

33.8 

89.3 

35.6 

32. 1 

31.5 

34. 1 

33.6 

87.2 

36.8 

«{S?.;.: 

32.5 

32.1 

34. 

33.8 

89.2 

36. 

38.4 

32.2 

34.2 

34. 

39.8 

36.3 

82.7 

32.3 

34.8 

34.7 

87.2 

36.8 

38. 

32.5 

84.9 

34.4 

89.5 

36. 

82.5 

32. 

85. 

34. 

87.2 

36.9 

gfMax... 

45.5 

37. 

39.2 

36.9 

38.9 

37. 

41.8 

37.5 

39.5 

37. 

88.2 

37.2 

38.9 

32.7 

85.5 

34  8 

37.3 

37.3 

39. 

34.8 

89.5 

35.7 

37.4 

36.4 

82.8 

32.2 

34.9 

34.2 

87. 

37. 

"{SIS';.:: 

41.9 

41.8 

42. 1 

42. 

41.9 

41. 

41.5 

41. 

41.5 

41.5 

41.4 

40.5 

41. 

40.2 

49. 

39. 

39.7 

38. 

41.7 
41.5 

41. 

40. 

49.2 

39.5 

82.5 

32. 

34.2 

33.5 

87.2 

36.5 

35.2 

38. 

49.4 

40. 

41.5 

40.8 

87.5 

37.2 

89.4 

38.9 

41.2 

40.8 

89. 

38.9 

49.2 

40.1 

41. 

40. 

39.5 

39.2 

41. 

40.2 

41.2 

40.8 

82.9 

32.4 

34.8 

34.3 

88. 

37. 

"{!l!?..v. 

37. 

36.7 

39.7 

37.5 

49.5 

39.2 

89. 1 

35. 

89. 

37.1 

49.9 

39.1 

87.8 

36. 

89.5 

38.8 

49.8 

40. 

87.8 

36.2 

49. 

38.2 

41. 

39.8 

88.2 

32.1 

35.4 

36. 

39.2 

38. 

"{5!?;;.: 

34.9 

33. 

39.4 

34.9 

89. 1 

37.4 

84. 

32.2 

89.4 

34.5 

88.8 

37.8 

35.7 

33.3 

38. 

36.8 

39. 

38.2 

35. 

33.1 

87.9 

35.4 

89.8 

38.2 

38i 

32. 

35.5 

34. 

89.2 

38. 

•n^S!?.;.: 

33.7 

33. 

85.4 

35. 

38. 

37.6 

33.3 

33. 

35. 1 

34.5 

38. 1 

37.7 

84.5 

33.9 

37. 1 

36.4 

39. 1 

38.7 

34. 1 

33.9 

39.9 

36.5 

38.5 

38. 

82.9 

32.3 

85. 

34.6 

87.9 

37.8 

34. 

33.5 

35.7 

35.2 

38. 

37  3 

34. 

33.5 

35.9 

35. 

38.3 

37.8 

34.2 

33.6 

89.9' 

36.5 

39. 

38.9 

34. 1 

33.9 

89.7 

36.6 

38.2 

38. 

88.4 

33.1 

85.7 

35.4 

88.7 

38.5 

,5j  /  Max. . . 

^^\Min.... 

34. 

33.9 

35.9 

35.1 

37.9 

37.7 

84.2 

33.8 

39. 

35.2 

38.2 

37.8 

38.9 

33.7 
• 

39.2 

36. 

38.3 

38.1 

34.2 

34.1 

89.4 

36. 

39. 

37.8 

88.5 

33. 

89. 1 

35.7 

39.4 

38.1 

35.2 

34.8 

89.4 

35.8 

38. 1 

37.9 

84.9 

34.4 

39.2 

36. 

38.8 

38.1 

35. 

34.1 

89.7 

36.5 

39. 

38.8 

34.9 

34.7 

89.8 

36.8 

89.2 

38. 

34.2 

33.9 

89.4 

35.9 

39. 

38  9 

34.5 

33.1 

89.8 

34.5 

38. 

36.8 

84.9 

33. 

35.6 

34.8 

37.9 

37. 

38.9 

33.1 

89.5 

35.5 

38.8 

37.6 

34.8 

33.2 

89.5 

35.6 

39. 1 

37. 

88.9 

33. 

39. 

35. 

89. 

37.8 

33.9 

32.5 

35.2 

33.8 

87.2 

35.8 

33.5 

32  1 

35, 

33.9 

37. 

36.5 

32.8 

32.2 

85.9 

34.4 

38.5 

36.6 

38.8 

32. 

85.9 

34.6 

87.4 

36. 

88. 

31.8 

85. 1 

34. 

88.2 

36.5 

-"iMin.... 

34.4 

32. 

34. 1 

33.1 

89. 

35.4 

35. 

32.1 

84.9 

33.5 

89. 

35.7 

32.2 

32. 

34.5 

33.4 

39.5 

36. 

88.5 

32.3 

34.5 

34. 

89. 1 

35.5 

31.9 

31.7 

88.9 

33.5 

89.9 

36.1 

23  (Max... 

-"iMin.... 

33.9 

33. 

34.9 

34  5 

89.8 

36. 

88. 

32.5 

34.5 

34.5 

39.5 

36  4 

82.5 

32.5 

34.5 

34.5 

89. 1 

36.1 

38.2 

33.1 

35. 

34.5 

35.9 

35.8 

31.8 

31.5 

88.9 

33.2 

89.5 

36.2 

n..  fMax.. . 

2«\Min.... 

32.5 

31.9 

83.9 

33. 

35.9 

35.3 

32.5 

31. 

34. 1 

33.1 

89.5 

35.9 

31.9 

31.3 

34.7 

33.5 

39. 1 

35.8 

82.5 

31.9 

34. 1 

33.7 

39. 

35.5 

31.9 

31.5 

88.5 

33.2 

89. 1 

36. 

57 /Max... 

32.3 

31 .4 

34.9 

32.8 

85.6 

33.8 

33.8 

31.6 

84.5 

33.3 

39.1 

35.1 

32. 

31.3 

84.7 

32.4 

39.5 

35.5 

88.3 

31.8 

84.7 

32.7 

85.9 

34.4 

82.8 

31.2 

34. 

32.9 

89.8 

34.5 

[Max... 

iMin.... 

32.4 

31.6 

83.3 

32.2 

35.4 

34  9 

31.8 

1  30  5 

88.6 

32.9 

39.4 

35.6 

32.9 

32. 

84.5 

34.1 

36.6 

35.6 

88.7 

32.1 

35.2 

34  2 

85.7 

35.1 

82  9 

31.8 

34.3 

33.9 

89.4 

35.8 

20  f  Max. . . 

31.3 

29.7 

32.4 

30.8 

35. 

33. 

31.2 

28.9 

82.7 

31.9 

35.9 

35. 

81.4 

30.5 

88.5 

33.1 

35.8 

35.7 

Sl.l 

30.8 

88.7 

33.2 

35.1 

34.8 

82.2 

31.5 

88.9 

32.8 

89.7 

35.4 

«nlMax... 

39.5 

29  7 

31.8 

29.9 

83.8 

33.1 

39.5 

30. 

81.6 

31  3 

34.4 

34  2 

39.7 

29.9 

32.9 

32.3 

35. 

34  4 

39.6 

30.1 

82.7 

32.2 

84.4 

34. 

31.9 

30.5 

88.1 

32.6 

89.1  * 

34  8 

Monthly 
range  

1.31 

9.92 

9.94 

1.99 

9.75 

9.99 

9.66 

9.62 

9.99 

9.99 

9.72 

9.94 

9.99 

9.91 

9.99 
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TABLE  3I.-DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  BOIL,  JAN.  1912. 


Date- 
Maximum, 
minimum. 

Graval. 

Sand. 

Loam. 

Clay. 

PMt 

8' 

12' 

18' 

12' 

18* 

8' 

12* 

18' 

8' 

12' 

18' 

8» 

12' 

18' 

./Mix... 

*  1  Min... . 

30.7 

27.8 

31.9 

29. 

35. 

31.6 

30.1 

28.2 

32. 8 

30.4 

S4.5 

31.9 

38.8 

28.7 

S2.7 

30.8 

34.8 

32.5 

31.2 

29.1 

ss.s 

31.9 

34.9 

33.7 

32.8 

30.5 

33. 

32. 

S5.4 

34.9 

„/Mix... 

■  Min... . 

28.3 

26.7 

31.1 

30. 

33.4 

32.3 

27.7 

25.6 

31.4 

29.6 

SS.8 

32.7 

29.8 

28.3 

32.1 

30.6 

35. 

33.2 

30.4 

28.1 

32.2 

30.7 

33.5 

31. 

SO. 

28.6 

31.8 

30.1 

36. 1 

33.6 

o  '  Mtx . . . 

^  iMin... . 

24.4 

19.3 

28.8 

23.4 

32.1 

25.2 

22. 

19.5 

so.s 

24.9 

SS.5 

28.7 

27.7 

25.4 

S2.2 

29.6 

35.3 

30.3 

28.4 

27. 

Sl.l 

30.6 

33.8 

32.1 

29.2 

28.5 

31.8 

30.9 

S4.5 

33.6 

.  [Max. .. 

*  \  Min  

28.2 

25.9 

29.2 

29. 

33.5 

33.1 

24.3 

24. 

29.9 

29.6 

S4.S 

34. 

28.0 

28.8 

S2.9 

32.8 

35.5 

35.2 

28.8 

28.5 

32. 8 

32.5 

34.5 

34.5 

29.0 

29.8 

SS.2 

33. 

S6.9 

35.8 

,/Mix... 

^  \  Min. . . . 

21.4 

20.6 

28.8 

28. 

33. 1 

32.3 

10.5 

17. 

27.8 

26.3 

33.5 

33.2 

28.5 

24.9 

S2.8 

31.9 

35. 

35. 

28.8 

24.9 

32. 

31.8 

34.1 

33.8 

27. 
24.4 

S2.7 

32.4 

36.3 

35.2 

-/Max... 

°\  Min.... 

19. 

18.9 

24.9 

23.7 

32.2 

31. 

I5.S 
14.4 

25.7 

24. 

SS.I 

32.1 

2S.5 

23. 

SI.9 

31.5 

34.0 

34. 

23.8 

23.3 

31.8 

31.2 

34.1 

33.6 

21.5 

21. 

32.2 

32.1 

S6.6 

34.9 

./Max... 

^  1  Min. . . . 

21.2 

18.9 

24. 

22.8 

30. 

29.5 

18. 

15. 

23.7 

22.5 

31.5 

31.3 

22.8 

21.5 

20.8 

29.5 

SS.7 

33.5 

22.2 

21.4 

20. 

28.8 

33.2 

32.1 

20.5 

19. 

SI.O 

31.6 

34. 1 

34. 

o  f  Max. . . 

^  \  Min. 

25. 

23.7 

27. 

25.8 

38.4 

30.1 

22.1 

20. 

25.8 

25.3 

SI. 8 

31.4 

25. 

24. 

20. 

28.7 

32.8 

32.5 

24.2 

23.1 

20.2 

27.4 

32. 

31.6 

22. 

21.5 

SI. 

31. 

S4. 

33.7 

^"  iMin.... 

25.8 

25. 

27.8 

27.3 

30.8 

30.5 

23.2 

23.1 

27. 

26.8 

31.5 

31. 

25.2 

25. 

29.4 

29. 

S2.8 

32.4 

24.8 

24.5 

28.7 

28.3 

SI.S 

31.2 

23.4 

23. 

SI. 

30.6 

34. 

33.5 

../Max... 

1*  \  Min  

28. 

25.5 

27.9 

27.8 

38.4 

30.2 

23.0 

23.7 

28. 

27.2 

31.8 

31. 

28.8 

25.8 

29.2 

29. 

33. 

32.3 

24.0 

24.4 

28.1 

28. 

31.8 

31. 

24. 

23.9 

38.4 

30. 

SS.5 

33.4 

,2/Max... 

1-*  \  Min... . 

28.3 

25.8 

27.9 

27. 

36.3 

30. 

24.8 

23.1 

28.2 

27. 

Sl.l 

30.1 

28.1 

25.1 

29.2 

29. 

31.4 

31.1 

24.0 

24. 

28.1 

27.5 

SO.O 

30.6 

2S.0 

22.8 

20. 

28.8 

3S. 

32.8 

,,/Max... 

1^  Min  

24.8 

24.3 

27. 

26.2 

30.1 

29. 

23.4 

23. 

27.5 

26.9 

SO.S 

90.2 

25.2 

24.8 

28.2 

28.1 

SI.S 

31.1 

22.3 

22.2 

27.5 

26.8 

30.5 

30.4 

22. 

21.7 

28.2 

27.2 

32.4 

32. 

,r  max... 

\  Min... . 

25.8 

25.2 

27.9 

27.9 

30.8 

30.5 

24.8 

24.5 

27.9 

27.6 

30.8 

30.5 

25.8 

25.3 

28.7 

28.5 

31.8 

31.4 

24.4 

24.1 

27.7 
27.4 

30.7 

30.2 

24.4 

24.1 

28.8 

28.4 

S2.7 

32.4 

ift/Max... 

i«  1  Min. 

25.4 

25. 

27.8 

27.5 

30.3 

30.3 

24. 

23.9 

27.7 

27.7 

30.5 

30.5 

25.5 

25.3 

28.8 

28.7 

31.5 

31.4 

24.5 

24.3 

27.3 

27.2 

SO. 

30. 

23.5 

23.2 

28.4 

28. 

S2.4 

32  3 

;  Max... 

[  Min  

25. 

24.4 

27.3 

26. 

38.2 

29. 

24.8 

23.2 

27.5 

26.2 

38.4 

29.5 

25.5 

25.1 

28.8 

28.6 

SI.S 

90.9 

25. 

24.5 

27.3 

27. 

30.2 

29.9 

2S.7 

23.2 

28.1 

27.9 

32.3 

32.1 

'Max... 

*^  ^  Min. .. . 

29. 

27. 

30. 

28.3 

31. 

30.8 

27.7 

25. 

29. 

28.5 

SI.4 

31.2 

27.3 

26.5 

29.1 

28.9 

SI.O 

31.5 

27. 

26. 

28.5 

27.7 

30.8 

30.3 

28.8 

25.7 

28.8 

28.6 

32.8 

32.5 

,af"«ax... 

^  Mm  

29.5 

29. 

30. 

29.7 

SI. 

30.9 

28.3 

27.9 

29.9 

29.8 

31.5 

31.1 

27.6 

27.3 

29.S 

29.1 

SI.O 

31.4 

27.8 

27.3 

28.8 

28.6 

30.5 

30.4 

27.1 

26.6 

28.8 

28.7 

S2.8 

32.6 

„rt  f  Max. . . 

[  Min. 

27.8 

27. 

28.7 

27.5 

30.8 

30. 

28.3 

25. 

29. 

28.6 

SI. 3 

29.9 

27. 

25.7 

28.9 

28.4 

31.2 

30. 

27. 

26. 

28.8 

27.9 

SO.S 

29.6 

25.5 

23. 

28.8 

27.7 

S2. 

31.3 

28.2 

27. 

28.3 

27.8 

36.8 

29.9 

27. 

25.5 

29.1 

28.3 

30.8 

30. 

28.2 

26. 

29.1 

28.3 

31. 

30.1 

27.2 

26.9 

29.2 

28.1 

30.3 

29.2 

28.3 

25.3 

28.4 

27.1 

S2. 

31.6 

23;m";:: 

28.4 

27.8 

29.3 

28.8 

30.9 

30. 

27.7 

27. 

29.5 

28.5 

30.9 

30.4 

27.1 

26.5 

20.1 

28.5 

Sl.l 

30.6 

28. 

27.8 

29.1 

29. 

SO.S 

30. 

28.8 

26.5 

28.5 

28.6 

S2. 

31.8 

5.  fMax... 

\  Min. . . . 

29.1 

28.4 

30. 

29.8 

31.4 

31.3 

28.4 

28. 

38.2 

30. 

SI. 8 

31.5 

28.4 

28. 

30. 

29.9 

31.7 

31.3 

28.7 

28.4 

SO. 

29.8 

Sl.l 

30.5 

27.4 

27.2 

20.2 

29. 

32.3 

32. 

or  max... 

1  Min. . . . 

29. 

28.7 

30. 

29.7 

31.7 

31.5 

28. 

27.7 

30.1 

29.9 

31.7 

31.5 

28.2 

28. 

SO. 

29.9 

31.8 

31.4 

28.5 

28.2 

29.7 

29.7 

SI.2 

30.9 

27.2 

26.9 

20.1 

29. 

S2.S 

32. 

^  f  Max. . . 

2*^1  Min.... 

28.8 

28.5 

20.8 

29.4 

31.5 

31. 

27.5 

27.3 

SO. 

29.9 

31.6 

31.3 

28.1 

28. 

SO. 

29.9 

31.8 

31.5 

28.3 

28.1 

30. 

29.9 

31.2 

30.9 

27.2 

27. 

29.5 

29. 

S2.4 

32.2 

„  '  Max... 

^'  [  Min.... 

29. 

28.8 

SO. 

29.8 

31.3 

31. 

27.7 

27.5 

30.2 

30. 

31.8 

31.6 

28.2 

28. 

SO. 

29.8 

31.6 

31.3 

28.8 

28.4 

38. 

29.8 

31. 

30.6 

27.4 

26.9 

29.5 

29.1 

S2.I 

31.8 

2^»tMin.-.:: 

28.5 

27.9 

29.4 

28.7 

Sl.l 

30. 

27.8 

26.8 

29.8 

28.3 

SI. 2 

30.7 

27.0 

27.3 

29.4 

28.7 

SI. 2 

30.5 

28.4 

27.8 

29.8 

28.8 

30.7 

29.9 

27. 

26.6 

28.8 

28.4 

31.8 

31. 

«^fMax... 

^\Min.... 

28.2 

27.7 

29.2 

28.9 

30.2 

29.4 

27.2 

26.5 

28.0 

27.6 

31. 

30.1 

27.5 

26.9 

28.0 

28.1 

so.o 

29.5 

28  2 

27.2 

29.1 

28.4 

30.2 

29.5 

28.9 

26.2 

28.5 

27.8 

31.4 

30.1 

fMax... 

1  Min... 

29.2 

28.8 

29.9 

29.5 

31. 

30.3 

28.2 

27.6 

29.4 

29. 

31. 

30.9 

28. 

27.9 

29.1 

28.9 

30.9 

30.8 

28.8 

28.5 

29.1 

29. 

30.1 

30. 

27.8 

27.4 

20. 

28.8 

SI. 

30.8 

Monthly 
range  

0.94 

0.80 

0.02 

I.IO 

0.05 

0.72 

0.70 

0.50 

0.75 

8.70 

0.52 

0.58 

0.78 

8.45 

0.41 
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EXPERIMENT  STATION  BULLETIN. 


TABLE  32.-DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL, 

FEBRUARY.  1912. 


Date- 
Maximum, 

Grtvtl. 

Stnd. 

Lotm. 

City. 

Pttt 

minimum. 

I2» 

18' 

8' 

IV 

18' 

8* 

12' 

18' 

8' 

12' 

18' 

8' 

12' 

18* 

,  fMtx... 

MMin.... 

29. 

28.8 

29.9 

29.7 

3L 

30.6 

27.7 

27.2 

29.5 

29.4 

31.2 

30.9 

28.7 

27.6 

29.2 

28.9 

31. 

30.8 

28.8 

28.2 

29.3 

29.1 

38.4 

30.2 

27.5 

27. 

28.8 

28.6 

81.2 

31. 

»  fMax... 

^  1  Min. . . . 

28.9 

28.8 

89. 

29.8 

31.3 

30.8 

27.8 

27.3 

29.7 

29.4 

3LI 

30.9 

28.5 

27.8 

29.2 

28.9 

31. 

30.8 

28.8 

28. 

29.5 

29. 

38.5 

30. 

27.5 

26.8 

28.8 

28.2 

31.4 

31. 

''tMin.... 

29. 

28.4 

38. 

29.5 

31.2 

30.6 

27.8 

27. 

29.8 

29. 

31. 

30.5 

28.5 

28. 

29.3 

28.8 

31. 

30.3 

28.8 

•28.4 

29.8 

29.4 

38.7 

30.4 

27.4 

27. 

20.8 

28.8 

31.5 

30.8 

.fMtx... 

^\Min.... 

28.6 

28  4 

38. 

29.6 

31.8 

30.6 

27.5 

27.3 

38. 

29.5 

31.4 

30.8 

28.1 

28. 

38.1 

29.9 

31.3 

30  5 

28.5 

28. 

88.1 

29.8 

31. 

30.2 

27.5 

27.1 

20. 

28. 

31.5 

30.4 

*^lMin.... 

2B.S 

28.4 

28.8 

29.7 

31.7 

31.3 

27.5 

27. 

38. 

29.8 

31.4 

31.3 

28.1 

27.9 

38. 

29.8 

31.8 

31.5 

28.7 

28.6 

38.4 

30.3 

31.1 

31. 

27. 

26.9 

29.2 

29.1 

32. 

31.8 

.  fMtx... 

'  \  Min. . . . 

29.5 

28.4 

38. 

29.9 

31.  1 

31. 

27.2 

26.9 

29.9 

29.7 

31.3 

31.1 

28.2 

28. 

29.8 

29.6 

31.8 

31.2 

28.8 

28.6 

38.2 

29.9 

31. 

30.8 

27.1 

26.9 

20. 

28.9 

31.9 

31.9 

<.  (Max... 

**\Min.... 

28.4 

2S.I 

29.4 

29.2 

38.8 

30.5 

27.2 

26.8 

29.9 

29.7 

31.2 

31. 

27.8 

27.6 

29.1 

28.9 

38.9 

30.7 

28.1 

27.8 

29.7 

29.4 

38.4 

30.2 

27.1 

26.8 

20. 

2S.8 

31.7 

31.3 

*  \  Min. . . . 

28.7 

28.4 

29.8 

29.2 

31.2 

30.9 

28.8 

26.3 

38. 

29.5 

31.7 

«1.4 

28.1 

27.6 

38.3 

29.5 

31.5 

31. 

28.8 

28.3 

29.8 

29.4 

38.8 

30.3 

27.3 

27.2 

29.3 

29.1 

32.1 

31.9 

*"\Min.... 

28.4 

26.8 

29. 

28.9 

31. 

30.9 

25.5 

22. 

29. 

28. 

31.4 

31. 

27.2 

^.6 

29.7  , 

29.4  < 

38.9 

30.8 

27.1 

26. 

28.3 

28.9 

38.5 

30  2 

27. 

26.6 

28.8 

28  7 

31.8 

31. 

1  Min. . . . 

28.1 

27.9 

29.1 

29. 

3L 

30.9 

25.2 

25. 

28.3 

28.1 

31.3 

30.4 

28.3 

26.1 

29.3 

29. 

38.9 

30.9 

28.4 

26.2 

29. 

28.8 

38.2 

30.1 

28.7 

26.2 

28.8 

28.4 

31.7 
31  5 

,o/Max... 

"  t  Min. . . . 

27.9 

27.6 

29. 

28.9 

38.8 

30  6 

25.3 

25.2 

28.2 

27.9 

38.7 

90.3 

28.8 

26.5 

28.7 

28.4 

38.8 

30.3 

28.2 

25.9 

28.4 

28.3 

29.9 

29.9 

28.8 

26.7 

28.8 

28.5 

31.2 

31  2 

../Mtx... 

28.3 

27.9 

29. 

28  9 

38.7 

30  5 

25.9 

25.3 

28.7 

28.4 

38.3 

30.3 

28.3 

26.1 

28.5 

28.3 

38.8 

30.6 

28.4 

26.3 

28.5 

28.3 

38. 

30. 

27. 

27. 

28.5 

28.3 

31.8 

31.3 

ij.  fMtx... 
\  Min. . . . 

28.8 

28  8 

29.8 

29  3 

38.7 

30  5 

n.4 

26  3 

29.1 

29 

38.8 

30  3 

27. 

26.9 

28.8 

28.4 

31. 

30.8 

27. 

27. 

28.7 

28.7 

30.2 

29.9 

27.8 

27.3 

28.7 

28.6 

31.8 

31. 

/Max... 

^®\Min.... 

29. 

28  9 

28.5 

29.5 

38.4 

30.2 

28.2 

27  9 

29.4 

29.2 

38.7 

30. 

27.4 

27.1 

28.6 

28.3 

38.5 

30. 

27.8 

27  3 

28.8 

28.8 

38.1 

29.1 

28.1 

27.6 

28.9 

28.7 

81.2 

31. 

,7/Mix... 

\Min.., . 

28.8 

28.3 

29.3 

28  8 

38.2 

29.9 

28.2 

27  9 

29.5 

28  6 

38.4 

30. 

27.4 

27.3 

28.3 

28.1 

29.7 

29.5 

27.8 

27.1 

28.8 

28.6 

29.5 

29.2 

28.3 

28.2 

29. 

28.9 

31.1 

30  8 

,«fMtx.. 

\  Min. . . . 

38.5 

28.8 

31. 

29  3 

31.7 

30  2 

31. 

29.2 

31. 

29.7 

31.7 

30  8 

29.3 

28.2 

38.1 

29. 

39.4 

30. 

n.i 

27.8 

29.4 

28. 

38.3 

29.9 

29.8 

28.9 

39.1 

29.4 

31.1 

31. 

2"  iMin.... 

38.7 

30. 

31.1 

30.5 

31.5 

31.2 

31. 

30  8 

31.2 

31. 

31.8 

30.9 

29.5 

29. 

38.2 

29.5 

31.1 

30  5 

29.9 

29.4 

38. 

29.5 

38.8 

30.7 

38.3 

29.6 

39.2 

29.8 

31.3 

31. 

23  fMtx... 

iMin  ... 

29.5 

29  4 

38. 

29  9 

38.8 

30.5 

38.2 

30  2 

38.4 

30.3 

31.2 

30.7 

29.2 

28.5 

29.8 

29.5 

89.8 

30  3 

28.9 

28  8 

38.1 

29.5 

38.4 

30.4 

20.1 

28. 

39.3 

29.2 

81.5 

81.3 

..fMtx... 

2*\Min.... 

38.4 

30.1 

31.5 
30  4 

31.2 

30.4 

31.7 

30.6 

31.4 

30.3 

31.1 

30.5 

38.1 

29.8 

88.4 

30.2 

31.3 

30. 

38.8 

29.4 

38.7 

29.5 

31. 

30.2 

29.5 

29.4 

38.5 

29.5 

38.8 

30  6 

2fi/MtX.  .  . 

^  \  Min. . . . 

31.8 

30.3 

31.5 

30  5 

31.8 

30  6 

31.5 

30.5 

31.7 

30.5 

31.9 

31. 

29.7 

29. 

38.8 

29.7 

31.4 

30  3 

38.8 

29.3 

31.4 

29.6 

31. 

30.2 

89.8 

29  4 

38.3 

29.4 

31.0 

30.2 

27;  Min.... 

38.8 

30.4 

31.2 

.31. 

31.7 

30  9 

31.2 

30  8 

31.9 

31. 

32. 

31. 

38.1 

29  4 

38.8 

30- 

31.4 

31. 

38.3 

30. 

31. 

30.2 

31.2 

30  7 

38.8 

30. 

88.9 

30. 

SI. 8 

31.5 

^  ^Mtx... 

iMin.... 

31. 

30  9 

31.3 

31  1 

31.3 

31  1 

31.2 

31. 

31.4 

30  9 

31.8 

31  3 

29.8 

29  S 

38.2 

30  1 

31.2 

30.9 

38.2 

30.1 

38.8 

30  3 

38.8 

30  9 

38.3 

30  3 

38.4 

30.2 

31.5 

31.4 

«Q  fMtx... 

2»\Min.... 

31.1 

31. 

31.4 

31.1 

31.5 

31.4 

31. 

31. 

31.3 

31.2 

31.8 

31.5 

38.1 

29.9 

38.7 

30.3 

31.4 

31. 

38.8 

30.3 

38.8 

30.6 

31.3 

31.2 

30.8 

30.5 

38.5 

30.4 

31.5 

31  3 

Monthly 
ringe  

8.42 

9.37 

8.41 

8.48 

9.48 

8.48 

... 

8.47 

8.44 

8.32 

8.43 

8.88 

8.88 
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TABLE  33. -DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL 

MARCH.  1912. 


Date  -  1 
Maximum,  I 

Gravai. 

Sand. 

Loam. 

Clay. 

Poat 

minimum.  , 

1 

12-  , 

10' 

0' 

I2» 

10' 

0' 

12' 

10' 

0' 

12' 

10' 

0' 

12' 

18' 

WMax... 

MMin.... 

SI.  1 

30.0 

31.3 

31.1 

31.0 

31.5 

Sl.l 

31.1 

31.4 

31.1 

31.7 

31.7 

30. 

29.9 

30.5 

30.4 

31.2 

31. 

80.0 

30.5 

30.0 

30.5 

31.3 

31.3 

30.6 

30.6 

30.7 

30.6 

31.4 

31.4 

oiMax... 

^\Min.... 

SI. 

30.0 

31.3 

31.2 

31.4 

31.3 

31. 

31. 

31.5 

31.4 

31.9 

31.8 

30. 

29.9 

30.6 

30.5 

31.4 

31.2 

30.6 

30.4 

31. 

30.9 

31.0 

31.3 

30.4 

30.3 

30.0 

30.7 

31.8 

31.7 

ifMtx... 

*lMin.... 

S0.9 

30.8 

31.2 

30.9 

31.8 

31.3 

31. 

30.8 

31.3 

30.9 

32. 

31.7 

30. 

29.6 

31. 

30.8 

31.4 

31.4 

30.7 

30.3 

31.2 

30.9 

31.0 

31.3 

20.0 

29.8 

30.7 

30.1 

31.8 

31.5 

K  fMax... 

^iMin.... 

30. 

29.9 

80.8 

30.4 

31.5 

31.2 

30.7 

30. 

Sl.l 

31.1 

31.9 

31.9 

29.8 

29.1 

30.9 

30.8 

31.6 

30.9 

30. 

29.4 

80.9 

30.9 

31.3 

31. 

20.0 

28.8 

30.6 

30. 

31.4 

31.3 

A  fMax... 

29.9 

28.6 

30.3 

30. 

31.2 

31.1 

29.9 

29.2 

31.1 

30.9 

31.0 

31.5 

29. 

28.5 

30. 

29.9 

31. 

30.3 

29.1 

29.1 

80. 

30. 

30.0 

30.8 

29. 

28.4 

30. 

29.3 

31.6 

31. 

7 /Max... 

'iMin.... 

29.2 

28.9 

30.3 

29.9 

31.8 

31  .'4 

30. 

29.3 

31.2 

30.9 

32.1 

32.1 

29.2 

28.9 

30.6 

30. 

31.0 

31. 

30. 

29.5 

30.0 

30.3 

31.4 

31. 

28.0 

27.3 

30. 

29.7 

SI.O 

31.1 

o/Max... 

*\Min.... 

29.1 

28.9 

30. 

29.5 

31.1 

30.8 

29.5 

29.2 

30.0 

30. 

31.0 

31. 

20.8 

28.3 

29.9 

28.9 

30.9 

30. 

30. 

28.3 

30.1 

29.3 

30.0 

30.3 

20.0 

28.5 

20.0 

29. 

31.3 

30.9 

Q  fMax... 

29.9 

29.8 

30.4 

30.3 

31.1 

31.1 

30.1 

30. 

30.9 

30.6 

31.6 

31.2 

29.2 

29.1 

30. 

30. 

30.0 

30.6 

20.4 

29. 

30. 

29.8 

90.3 

30.2 

29.2 

28.5 

20.4 

29. 

31.2 

31.2 

„  fMax... 

"iMin... 

30.6 

29.7 

31.2 

30.2 

31.8 

31  3 

30.0 

29.4 

31.0 

30.8 

32. 

31.6 

29.0 

28.9 

80.6 

29.9 

3h4 

30.8 

30. 

29.9 

31. 

30.3 

31.6 

30.9 

89. 

29.3 

30. 

29.7 

31.7 

31.2 

29.8 

29.4 

30.2 

30. 

Sl.l 

31.  . 

29.9 

29.3 

30.0 

30.7 

31.4 

31.2 

29.4 

29.1 

30.1 

29.9 

30.8 

30.3 

30. 

29.3 

80.3 

29.9 

90.9 

30.4 

20.4 

29.2 

30. 

29.8 

31. 

30.9 

S0.6 

30. 

30.0 

30.5 

31.0 

31.3 

30.0 

30. 

SI. 

30.8 

31.0 

31.4 

29.9 

29.4 

90.5 

30. 

31.1 

30.7 

30.1 

29.9 

30.6 

30.1 

31.4 

30.9 

20.0 

29.6 

80.3 

30. 

SI.O 

31.1 

14/Max... 

"\Min.... 

29.9 

29  3 

30.1 

29.6 

31. 

30.1 

29.0 

29.1 

30.4 

30. 

31.3 

30.9 

29.3 

28.8 

30. 

29.3 

30.9 

30.1 

20.0 

28.9 

80. 

29.5 

80.0 

30. 

20.4 

28.3 

20.0 

28.5 

30.0 

29.9 

15 /Max... 

^^Min.... 

30.2 

30.2 

30.4 

30.4 

31.2 

31.2 

30. 

30. 

30.3 

30.3 

31.2 

31  2 

30. 

30. 

80.6 

30.5 

31.4 

31.4 

29.9 

20.9 

80.4 

30.4 

31.3 

31.3 

29.0 

29.8 

30.3 

30.3 

31. 

31. 

16 /Max... 

'®\Min.... 

30.5 

29.5 

30.0 

29.9 

31.5 

30.0 

SO. 

29.7 

30.5 

30. 

31.0 

31.1 

80. 

29. 

30.3 

29.6 

30.0 

30.3 

80.3 

29.9 

31. 

30. 

31.3 

30.4 

20.0 

29.4 

80.4 

29.5 

31.3 

30.4 

1  Min — 

30.3 

30.1 

30.0 

30.4 

31. 

30.9 

30.3 

30.1 

30.7 

30.5 

31.4 

31.2 

29.6 

29.4 

80.2 

30. 

31. 

30.8 

30. 

29.9 

30.2 

30.1 

31. 

30.8 

29.9 

29.8 

30. 

29.9 

31.1 

30.9 

19  (Max... 

*"lMin.... 

30.7 

30.1 

30.9 

30.5 

31.2 

30  9 

30.8 

30  3 

31. 

30.7 

^1.7 

31.3 

29.8 

29.5 

30.2 

29.9 

31. 

30.7 

80.2 

29.9 

30.6 

30.2 

30.8 

30.5 

80.1 

29.9 

30.1 

29.9 

31.2 

31. 

2,  /  Max... 

IMin.... 

20.9 

28.3 

29.4 

29. 

30.3 

29.9 

29.8 

29. 

30.3 

29.1 

30.0 

29.9 

28.6 

27.9 

29.6 

28.3 

SO. 

28.6 

20. 

28.9 

29.0 

29.1 

29.9 

29.4 

28.0 

23.6 

29.9 

29. 

so.o 

30. 

22  fMax... 

29.4 

27.8 

29.8 

28.8 

30.0 

30. 

39.2 

29. 

31.2 

29.7 

31. 

29.9 

29.2 

28.1 

30.1 

28.9 

29.9 

29.1 

29.5 

29. 

30.1 

29.6 

90.0 

29. 

30. 

28.8 

80. 

20.6 

30.8 

30. 

23  fMax... 

^\Min.... 

29.5 

29.2 

30.2 

29.9 

30.0 

30. 

SO. 

29  9 

30.0 

29.9 

31.5 

31. 

30. 

29.7 

30.3 

29.3 

30.1 

29  3 

30.2 

29.8 

30.7 

30.2 

80.0 

29.8 

30.7 

29  5 

29.0 

20.5 

SI.3 

31. 

oi^  f  Max... 

30. 

29.4 

30.4 

30.1 

31.4 

31.3 

30.3 

30.3 

31.3 

31.1 

31.0 

31.1 

29.9 

29.5 

30.0 

30. 

31.6 

30.9 

30.1 

29.8 

30.0 

30.2 

31.4 

30.6 

30. 

29.8 

80.2 

20.5 

31.7 

31.2 

fMax... 

-''iMin.... 

30.5 

30.2 

31.2 

30.8 

31.5 

31.2 

30.8 

30.6 

31.3 

29.9 

31.7 

31.5 

29.7 

29  3 

30.7 

30. 

80.0 

30.2 

30. 

29.8 

30.6 

29.9 

30.7 

30.2 

30. 

29.8 

80.3 

30. 

SI.3 

31. 

\Min.... 

30.5 

29.7 

30.0 

30  4 

31.3 

30.8 

30.8 

29.3 

31.1 

30.2 

32.1 

31. 

31.3 

29.4 

30.0 

30.3 

31.6 

30.8 

30.7 

30.5 

30.0 

30.5 

31.2 

30.9 

30.1 

20.9 

30.6 

30.4 

SI.7 

31.3 

2u:Max... 

^\Min.... 

30.8 

30. 

31.2 

30.6 

31.2 

30.3 

30.0 

30. 

31.2 

30.4 

32. 

31. 

80.4 

29.4 

SI. 

30. 

31. 

30.3 

30.7 

30.3 

30.0 

30.3 

31. 

30.7 

20.0 

29.8 

30.0 

30.4 

31.0 

31.2 

„T  rMax... 

2J\Min.... 

31.8 

28.8 

31.0 

28.2 

31.4 

29. 

31.2 

28.3 

31. 3 

29. 

31.8 

29.1 

30.0 

28.5 

31.2 

28.8 

31.3 

29.5 

80.7 

29.5 

31.7 

30. 

32. 

30.1 

S0.7 

29.6 

80.3 

29.8 

Sl.l 

30.7 

f  Max. . . 

3"iMin.... 

30.4 

30.2 

30.0 

30.6 

1  30.0 

j  30.8 

30.9 

30  8 

30.9 

30.7 

32. 1 

31.8 

30.7 

30.2 

80.8 

29.9 

30.9 

30.7 

30.0 

29.6 

31.1 

30.7 

31. 

31. 

30.0 

30.7 

30.0 

30.3 

31.0 

30.1 

Monthly 
range  

O.SI 

0.53 

1 

1  0.44 

0.57 

0.57 

0.51 

0.50 

0.57 

0.50 

0.43 

0.43 

0.04 

0.47 

0.48 

0.48 
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TABLE  34.-DAILY  MAXIMUM  AND  MLNIMUM  TEMPERATURES  OF  DIFFERENT  TYPES  OFSOIL^  APRIL,  1912. 


Date- 
Maximum, 

6rav»l. 

Sand. 

Loam. 

city. 

Pool 

minimum. 

D 

12 

Iv 

12 

la* 

0' 

12 

10' 

0' 

12' 

10' 

0' 

12' 

10' 

lis?*-- 

*  \  Mm. . . . 

32.1 

7 

Ol .  1 

3i.O 

91  7 
oL .  1 

31.7 

91  1 
Ol  .4 

31.5 

91  9 
Ol 

31.0 

91  a 

ol .  V 

31.0 

91  7 
Ol.  f 

31.2 

9n  Q 
ou.v 

31.5 

91  1 
01 .4 

31.0 

31.7 

32. 
11  1 

41 .4 

31.7 

91  1 

ol  .4 

31.0 

31 .6 

31.5 
31.4 

31.0 

31 .2 

31.0 

31 .6 

"  \  Mm. . . . 

31. 

on  0 

OU.  3 

31.2 

9A  0 
OU.O 

31.2 

9n  B 

oU.S 

31.3 

9A  O 

31.3 

9A  O 
OU.V 

31.3 

9n  o 

OU.9 

31. 

*in 

31.2 

9f1  9 
OU.O 

31.2 

30.8 

31. 

30.8 

31.4 

JO. 7 

31.3 

30.5 

Sl.l 

30.5 

31.1 

30. 

31.3 

30.6 

»  f  Max . . . 

^  \  Min. .. . 

30.6 

oo  9 

ela.it 

30.0 

oo  K 

30.0 

00 

30.5 

90  1 

30.0 

90  9 

31. 

9A  1 
OU.l 

31. 

90  fi 

31. 

9n  fi 
oU.o 

31.2 

31 . 

31. 

30.8 

31.1 

30.9 

Sl.l 

31. 

30.0 

30.8 

30.3 

29.4 

31. 

30.4 

4  (Max... 

'  \  Min... . 

32. 

ou.o 

31.1 

9n 

30.0 

on 
OU. 

30.0 

90  Q 

31. 

9A  1 
OU.l 

31.3 

9A  O 
oU.v 

30.0 

90 
Co. 

30.0 

90  9 

31. 

29.9 

30.0 

30.1 

30.0 

30. 

30.0 

30. 

30.5 

29.4 

30. 

29.1 

30.5 

29.4 

./Max... 

^  \  Mm... . 

39.6 

OA  .  0 

34.1 

91  1 
Ol  .1 

31.3 

91  1 
Ol .  1 

30.0 

9n  o 

OU.W 

81. 

9n  o 

31.4 

91  1 
01.4 

30.2 

9A  9 

30.6 

30.3 

31. 

30.9 

33.0 

30. 

81. 

30.8 

31.1 

30.7 

30.7 

30.4 

30.4 

29.9 

31.1 

31 . 

g/Max... 

44.6 

Ol  .0 

40. 

9A  K 
O4.0 

32.0 

91  0 

01  .A 

43.0 

91  fi 
04.0 

30.8 

91  1 
01.1 

32.3 

91  1 
01 .4 

31.0 

9n  1 
oU.  1 

30.4 

30.1 

31. 

30.8 

30.2 

33.9 

30.8 

31. 

30.8 

S0.5 

30.3 

30.1 

29.9 

31.2 

31. 

yfMax... 

'  \  Mm. . . . 

41.7 

OO.O 

41. 

9fi  0 

37.1 

9a  Q 
OO.V 

37.0 

9A  1 

oO.l 

37. 

9R  A 
OO.O 

34.0 

91  R 
O4.0 

32.7 

99  9 

30.3 

9n  1 
oU.l 

31. 

30.8 

37.5 

35.2 

31. 

30.6 

31. 

30.5 

30.0 

30.3 

30.2 

30. 

31. 

30.9 

„/Max... 

°  \  Min.... 

40. 

OO.O 

37.3 

91.  7 
o4. 1 

35. 

9R 
OO. 

33.7 

99  9 

30.1 

99  1 
OO.  1 

34.1 

99  R 
OO.O 

33.1 

31 . 

30.0 

90.2 

31. 

30.9 

36.0 

31 .9 

31.1 

30.7 

SJ. 

30.5 

30.0 

30.5 

30.5 

30.1 

31.2 

31.1 

^fMax... 

44.8 

97 
Of  . 

40.0 

97  9 
Of  .£ 

30.5 

9R  A 
oO.D 

46.7 

9A 
OD. 

40. 

9A 
00. 

36.0 

91  0 
04 .  V 

30. 

99 
OO. 

30.4 

9n  9 
oU.O 

31.1 

9n  Q 
ou.v 

30.5 

35. 

31.3 

31 . 

30.0 

30.9 

30.0 

9A  A 
OU.O 

30.5 

9f1  1 
OU.4 

31.1 

31 . 

'"\Mm.... 

47. 

9fi  A 
OO.O 

42.0 

90  9 

38.1 

97  A 
of  .0 

48. 

9fi 
OB. 

42.0 

9fi  9 
OO.O 

38. 

97 
O/  . 

37.8 

99  fi 
OO.O 

30.0 

9n  9 

iXI.O 

31.1 

on  7 
oU.  f 

41. 

36.6 

33. 

32. 

31.1 

30.9 

30.0 

Vl  1 

30.4 

9n  9 

31.2 

31 . 

**  \Mm.... 

50.6 

At 
U  . 

45. 

41 . 

30.5 

38.5 

50.5 

40.2 

44.1 

39.9 

30. 

38. 

30.0 

9C  1 
OO.l 

30.0 

30.3 

31. 

30.9 

43.0 

37.1 

34.6 

33.3 

30.0 

30.8 

30.0 

30.5 

30.2 

30.1 

31.1 

31 . 

\Mm... . 

40. 

40. 

46.4 

19  Q 

43. V 

41.5 

A\ 
41. 

40.5 

44. 

44.5 

42.8 

40.1 

39.9 

40. 

38.1 

31.7 

31 .2 

31. 

30.9 

44.0 

42. 

30.6 

37. 

35.2 

33. 

30.7 

30.5 

30.2 

30.1 

31. 

30.8 

"  \  Mm. . . . 

47. 

AA 

44.0 

43.6 

41.0 

11  R 

41 .5 

40.0 

43.1 

43.0 

42.5 

41. 

40.4 

30.4 

38. 

33. 

32.9 

31.2 
31. 

44.5 

42.4 

40. 

39.8 

30.1 

37.1 

30.0 

30.5 

30.2 

30.1 

31. 

30.9 

^Max... 

*^\Min.... 

51.5 

42. 

40. 

42. 

44. 

39.2 

52. 

40.8 

47.3 

40.3 

43. 

38.1 

45.7 

37.9 

30.0 

34. 

37.1 

33. 

40.6 

41.4 

44. 

38.3 

41.3 

36.4 

34.3 

31.8 

31. 

30. 

31.5 

31. 

16|S?«- 

*"\Mm  .. 

40. 

40.0 

40.8 

44.8 

44.3 

lO  R 

40.1 

44.5 

40. 

43.2 

43.8 

42. 

46.2 

42.9 

42.2 

41 .1 

30. 

38.2 

47.7 

45. 

44.2 

43. 

42.2 

41. 

34. 

33. 

30.0 

30. 

31.6 

30.6 

•  7  (Max... 

(Min... 

44.5 

4x .  0 

43.8 

19  1 
4o .  1 

43.5 

19  S 

44. 

It  K 
41 .0 

43.2 

19 
hi. 

42.6 

19 
4Z. 

42.0 

19  9 

42.4 

42. 

40.6 

40.1 

44.3 

43.5 

43.8 

42.8 

42.2 

41 .9 

34.1 

33.9 

30.3 

30.2 

31.4 

31 . 1 

,sfMax... 

*°  \  Min  . . 

41.6 

Ai\  1 
W .  1 

41.8 

11  0 
41  .£ 

42.2 

11  u 
41 .5 

41. 

90  1 
OV.4 

40.0 

lA 
4U. 

41 

lA  9 

40.7 

Al\  9 

41.5 

41.1 

40.0 

40.2 

41.3 

41 . 

42.4 

41.1 

41.5 

41 .1 

33.0 

99  R 
OO.O 

30.0 

9A  R 
OU.O 

31.6 

31.5 

jgfMw.. 

\  Mm  . . . 

45. 

97  A 

43.1 

90  f 
OV.  1 

40.0 

in 
4U. 

45.2 

36.5 

43. 

38.5 

42.0 

39.9 

42.3 

38.1 

40. 

40. 

40. 

39.8 

44.5 

38.5 

40. 

39.9 

40.1 

40.1 

33.0 

32.8 

30.6 

30.2 

31.8 

31 .6 

^  \  Mm  .. . 

30.0 

38. 1 

40.7 

9fl  7 

42. 

Oo. 

40.3 

38.7 

30.0 

38.9 

41.5 

39. 

44. 

38.4 

41. 

38.2 

42. 

38. 

41. 

38. 

43.1 

37.4 

40.4 

37.5 

30. 

32. 

30.0 

29.6 

32.4 

31 . 

\  Mm. . . . 

40.2 

46. 

47.1 

46. 

44.4 

11  9 
44.0 

47.7 

45.3 

40.0 

45.5 

44.4 

44. 

47.8 

46.9 

44.0 

44.6 

41.8 

41.8 

40.2 

46.9 

44.0 

44.6 

43.5 

43.2 

30.4 

38.9 

30.0 

30.6 

31.0 

31  8 

23  [       '  ■ 
\  Mm. . . . 

47.2 

'to  ft 
ov.o 

44.0 

11  9 
41 .0 

43.1 

19  1 
4Z,  1 

40. 

39.1 

44.0 

40.6 

43.8 

41 .9 

44.4 

41 .2 

43.0 

42.2 

42.7 

41 .3 

45.1 

41.3 

43.5 

42.2 

43. 

41 .5 

30.0 

36.5 

30.7 

30.3 

32. 

31.8 

"  \  Mm — 

51.7 
44  5 

47.0 

AA  0 
44. If 

43.0 

19  1 

4o  .  1 

52.1 

11  u 
44  .8 

47.5 

44.3 

43.5 

42.8 

48.1 

45. 

43.0 

19  R 

4o.O 

41.0 

41 .6 

40. 

11  a 
44.il 

44.. 
43.4 

42.5 

42.2 

30. 

38. 

30.6 

30.3 

32. 

32. 

25  IS^" 

*  \  Mm — 

52. 
43.4 

40.4 

44.7 

44.4 

43  8 

53. 

42  5 

47.0 

19  7 
40.  f 

44.2 

19  1 
40.1 

40. 

IR  9 
40. 0 

44.0 

AA 
44. 

42.5 

19  1 
4^.1 

40.0 

11  o 
44. • 

44.0 

11  R 
44.0 

43.3 

19  1 

30.2 

9fi  9 
OO.O 

30.0 

9n  9 

32.1 

99 

V  Mm .... 

53.7 

48.7 

40.0 

47.6 

40.0 

45. 

54.3 

48.9 

40.5 

46.5 

45.5 

44.8 

50.8 

48.6 

47.2 

46.1 

44.2 

43.3 

51.8 

48.7 

40.5 

46. 

45.5 

44.4 

42. 

41.3 

31. 

30.5 

33.1 

32.2 

54.0 

48.2 

51. 

48.2 

49.8 

46.4 

55.2 

48. 

50.3 

48. 

46.7 

46.5 

52.1 

49.2 

47.0 

47.6 

45. 

44.2 

55.5 

49.4 

47.0 

47.2 

45.0 

45.3 

43.0 

42.8 

31. 

30.9 

33.1 

32.9 

44. 

42.8 

43.0 

43.2 

44.5 

43.9 

43.0 

42. 

43.5 

43. 

44.5 

43.2 

44.0 

44. 

40. 

44.5 

46. 

44.2 

44. 

43.5 

46.2 
44. 

45.1 
44. 

40.7 

39.9 

31.5 

31.4 

34.1 

34. 

60.1 

30. 

40.5 

41. 

43. 

42.3 

52.0 

38.7 

40.0 

41. 

43. 

42.3 

46. 

41.5 

44. 

43. 

43.0 

43. 

47.0 

41. 

43.3 

42.8 

43.0 

43. 

30.5 

38. 

31.5 
81.4 

84.0 

S4.1 

Monthly 
rang*  

4.03 

2.00 

0.00 

5.44 

2.50 

0.03 

2.47 

0.04 

0.00 

3.25 

1.23 

0.06 

0.70 

0.80 

0.  it 
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TABLE  35.-DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  MAY,  1912. 


Date — 
Maximum, 

Qravel.  ! 

Sand. 

Loam. 

1 
1 

Clay. 

Poat 

minimum. 

12' 

16' 

6' 

12' 

18' 

6' 

12' 

18' 

6' 

12' 

18' 

0' 

12' 

10' 

,/Max... 

*  t  Min. . . . 

46.9 

44.9 

45.9 

44.9 

44.8 

44.4 

47.4 

44.9 

45.9 

44.9 

44.7 
44.4 

45.2 

44.8 

44.6 

44.5 

43.5 

43.1 

46.2 

44.9 

44.9 

44.5 

44. 

43.9 

42.1 

41.9 

33.2 

32.3 

36.0 

35  5 

^\Min.... 

S4. 

44.3 

49.8 

44.7 

45. 

44.2 

55. 
44. 

45.3 

44.9 

45.2 

44.2 

46.3 

45. 

45. 

44.4 

43.9 

43.5 

51.5 

45.1 

45.9 
44.4 

44.4 

44.1 

44.2 

42.1 

36. 

34.4 

37.1 

36.9 

S8. 

49.2 

53. 

49. 

47.2 

46.4 

58.8 

48.9 

53. 

48.4 

47.1 

46.3 

53. 

49. 

46. 

46. 

44.9 

44.4 

55.9 

49.9 

48.5 

47. 

46. 

45.4 

46.0 

46.6 

40. 

38. 

40.8 

38.9 

./Max... 

*lMin.... 

59.9 

51.4 

56. 

51. 

48.8 

48. 

66.4 

51. 

55.6 

50.3 

49. 

47.4 

56. 

51.6 

49.5 

49. 

40.3 

45.8 

58. 

52.4 

56. 

49.5 

48.6 

47.2 

52.2 

50.4 

46.4 

43.8 

43.4 

42.3 

./Max... 

®lMin.... 

63. 

53.2 

57.5 

53. 

51.3 

50.2 

63.5 

52.4 

57.2 

52.1 

51.3 

50. 

56. 

53. 

52.8 

51.8 

40.9 

48. 

61. 

64.4 

53. 

52. 

56.3 

49.7 

50.9 

54.8 

50.4 

40. 

47.6 

46.4 

7fMax... 

63.5 

56.8 

56.5 

56.1 

53. 

52.3 

63.8 

56.4 

56. 

55.7 

52.5 

52. 

6L 

58. 

54.0 

64.2 

49.9 

49.8 

62.8 

58.2 

55. 

54.4 

52. 

51.7 

50.8 

58. 

52.1 

62. 

40.6 

48.4 

n /Max... 

^\Min.... 

59.8 

55. 

57.4 

55. 

53.4 

52.8 

66. 

54. 

56.7 

54. 

52.8 

52.4 

58.4 

56.9 

55.4 

55. 

51.2 

50.8 

59.5 

57.1 

56.5 

54.4 

53. 

52.8 

50.8 

50. 

54.5 

63.8 

56.4 

40.6 

59.3 

51.5 

55.6 

53. 

53. 

51.8 

69.2 

50. 

55.5 

52.1 

52.5 

51.2 

56.2 

54. 

54.8 

53.2 

51.7 

50.8 

58. 

54.3 

55. 

53.8 

53.1 

52. 

50.5 

57.3 

06. 

64. 

5L0 

61.4 

>o{S!?.v.: 

63. 

51. 

58. 

52.8 

52.4 

52. 

84.5 

50.5 

56. 

52. 

52.2 

51.5 

59. 

54. 

53.5 

53.3 

6L 

50.5 

60.0 

53.9 

54. 

53.5 

52. 

52. 

50.4 

66.8 

54.5 

64.3 

52. 

61.2 

,l/Max... 

"  iMin.... 

67.4 

55.5 

57. 

54.9 

53.5 

52.2 

56.5 

55. 

56. 

64.3 

53.5 

52. 

58. 

56. 

55.2 

54. 

5L 
50.4 

50.2 

56.1 

55.8 

54. 

53. 

62. 

60.9 

67.9 

06. 

64.8 

52. 

61.6 

(Max... 

61.3 
43. 

49.5 

45.8 

49. 

48.3 

53. 

43.5 

56. 

46.4 

49. 

48.6 

49.9 

47.4 

56.4 

49.5 

50.2 

49.9 

50.5 

46. 

50. 

49. 

50.0 

50.5 

51. 

60.3 

54. 

63. 

68. 

52.6 

,4  ;Max... 

54. 

45.9 

51.7 
46.9 

49.4 

47.5 

56. 

46. 

52.5 

47.5 

49.6 

48.4 

5L8 

47.2 

56. 

48.4 

49.2 

48. 

53.8 

47.8 

50.8 

48.3 

40.8 

48.5 

52.2 

50.1 

52. 

61.2 

62. 

61. 

46.6 

47. 

48.4 

48. 

49. 

48.5 

46.4 

46.2 

46.5 

48. 

50.1 

49. 

46.9 

48. 

56. 

49. 

49.1 

48.9 

49.9 

49. 

50.4 

49.5 

50. 

49.5 

5L5 

50. 

51.7 

61. 

61.5 

61. 

i6{5rn";: 

49.4 

47. 

48.3 

47.8 

48.  i 

48. 

49.5 

47. 

48.2 

47.8 

48.8 

48.4 

46.8 

48. 

48.7 

48.6 

48.5 

48.4 

49.8 

48.2 

40.2 

48.5 

49.0 

48.8 

49.7 

49.3 

50.5 

50. 

5L 
60.4 

j7/Max... 

;Min.  .  .. 

54. 

46.8 

51. 
47. 

46. 

47.1 

49.5 

45.8 

51. 

46.9 

48. 

47. 

50.3 

47.2 

46.2 

47.9 

47.9 

47.2 

52.5 

47.7 

46.3 

47.8 

40.4 

47.9 

40.5 

48.4 

40.5 

48.9 

40.0 

49. 

«u  '  Max. . . 

^^iMin.... 

50.4 

45.8 

48.6 

47.2 

48.5 

47.2^ 

52.8 

46.5 

49.1 

48.5 

48. 

47.6 

50.2 

48.2 

40.9 

47.8 

47.4 

46.8 

49.8 

48.5 

46.7 

48.5 

48.2 

48.1 

40.4 

49. 

49.1 

48.2 

49.5 

48.0 

n«  f  Max... 

2"  tMin... 

65.1 

49.5 

53. 

49.9 

50. 

49.5 

55.4 

49.2 

52.6 

49.5 

50. 

49.7 

52.6 

50. 

50. 

49.9 

49.3 

48.8 

54.4 

50.9 

5L3 

50.5 

50. 

40.4 

52.9 

51. 

56.2 

49.2 

40.0 

48.9 

9,  /  Max. . . 

iMin.... 

59.5 

52.4 

56.3 

51.7 

52. 

49.5 

50.8 

51.9 

55.8 

51. 

51.8 

49.5 

56.4 

51.9 

52. 

50.1 

50. 

48.2 

58. 

52.6 

52.9 

50.5 

51.8 

49.5 

55.1 

52.4 

63.5 

49.6 

59. 

48.8 

64.2 

1  56. 

59.6 

55.2 

53.7 

52.7 

07.9 

55.5 

60.1 

64.5 

53.7 

52.8 

59.8 

56. 

54. 

53  2 

50.9 

50.7 

62.2 

56.4 

55. 

54. 

52.5 

52.4 

50.1 

56.3 

52.0 

62.3 

50.8 

50  7 

no  /  Max . . . 

^iMin.... 

1  69.6 

1  60.3 

63.7 

59.1 

56. 

55.2 

71.7 

60.8 

63.7 

59. 

56.1 

55.4 

63.5 

50.8 

50.4 

55.9 

52.4 

52. 

67. 

61.1 

56. 

57.2 

54.8 

54.1 

61.8 

60.3 

56. 

62. 

5L0 

61.6 

2*{Mio.V.: 

1.7.5 

1  64.0 

63.7 

62.2 

58.7 

58.1 

66.6 

63.2 

63.5 

61.4 

57.9 

57.3 

64.2 

63.2 

59.4 

59. 

54.5 

54. 

66.9 

64.4 

66.8 

59.7 

57.2 

56.8 

84.0 

63.7 

58.7 

66.9 

68.3 

63. 

oe   Max . . . 

I  Min  . . . 

69.6 

1  58.7 

63.9 

59.3 

57.8 

57. 

71.3 

57. 

63.5 

58  2 

57.5 

56.9 

84. 

60.3 

59.3 

58.5 

55.7 

55. 

67.1 

61.1 

60.2 

59.3 

57.3 

67.1 

03.7 

62.4 

58.0 

56.4 

06.3 

64.5 

67.3 

,  64.4 

64.3 

63. 

66.2 

59.8 

67.7 

64. 

63.3 

61.9 

56.9 

59.2 

65.5 

64.3 

0L9 

61.3 

57.1 

56.9 

66.8 

64.9 

62.6 

61.9 

50.3 

50.2 

66.4 

65.6 

00.0 

60.8 

67.1 

66.5 

84.5 

63.9 

63. 

62.6 

59.9 

59.5 

64.2 

63.5 

62.3 

61.8 

59.8 

59.2 

64.9 

64. 

61.8 

61.3 

57.9 

57.8 

65.2 

64.4 

62.3 

61.9 

59.6 

59.6 

66.6 

66. 

62. 

61.6 

58.3 

67.9 

^{SSf;,;: 

60.2 

58.8 

60.7 

58.9 

59.5 

58. 

59.3 

58. 

60. 

58. 

59.1 

58. 

62.3 

60.1 

61.5 

60.1 

58.2 

57.9 

62.1 

59.8 

61.4 

59.8 

56.8 

59. 

65. 

63. 

62.5 

62.1 

69.2 

50.1 

3o{S!?.v.; 

66. 

54.5 

61.3 

55.9 

56.7 

56. 

66.8 

53.5 

62. 

55.1 

56.8 

56. 

61.3 

57. 

58.3 

57.3 

57.1 

56.3 

63.4 

56.3 

56. 

57. 

57.9 

56.7 

61.8 

60. 

61. 

60. 

58.1 

66.7 

3«{r.,:: 

70.4 

58  8 

64.3 

.W.S 

58. 

58. 

72. 

58. 

64.3 

59.5 

58.2 

58.1 

64.3 

60.3 

59. 

58.6 

50.9 

56.3 

67. 

60.3 

56.6 

60.4 

58.2 

57.6 

63.1 

61.8 

61. 

60. 

58.3 

56.1 

Monthly 
rano*  ■ 

^    6. 59 

3.18 

0.83 

7.76 

3.28 

0.47 

2.92 

0.78 

0.52 

4.14 

...7 

6.59 

1.81 

0.00 

0.02 
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TABLE  36.— DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  JUNE,  1912. 


Date- 
Maximum, 

Qraval. 

Sand. 

Loam. 

Clay. 

Poat 

minimum. 

6' 

12' 

18' 

8' 

12' 

18' 

0' 

12' 

18' 

0' 

12' 

18' 

8* 

12' 

18* 

.  /  Max 

Mm";.: 

72.8 

63.8 

67. 

62.8 

80. 

59.3 

78.7 

61.9 

88.1 

61.9 

88. 

59. 

85. 

61.8 

01.9 

60.5 

57.3 

57. 

09.8 

63.9 

82.3 

61. 

50.8 

59. 

87. 

64.4 

81.5 

60.6 

58.8 

58. 

»  f  Max 

Mm";.;; 

70.5 

59.9 

85.7 

60.5 

00.3 

59.1 

71.8 

58.8 

85.1 

50  9 

50.9 

59. 

88.1 

62. 

61.9 

60  9 

50. 

58  3 

88.1 

61.8 

82. 

61. 

88.2 

60. 

85.9 

64. 

82.3 

62. 

50.8 

59.1 

A  /  Max 

^iMiD.'.".". 

M.9 

62.8 

8S.8 

62.3 

81. 

60.3 

88. 

61.2 

84. 

61.3 

80.0 

60. 

84.4 

63  4 

82.8 

62. 

50. 

58.9 

88. 

63.9 

82.8 

62.1 

80.0 

60.5 

88.8 

65.9 

82.8 

62.8 

80. 

59.8 

,  f  Max 

M.8 

57.9 

82.7 

69.4 

88.1 

59. 

87.5 

56.5 

82.8 

58.6 

50.9 

68.7 

83. 

60. 

81.4 

60. 

59.1 

58.3 

85. 

60.3 

81.9 

60.3 

00.4 

69.5 

84.8 

63. 

82.8 

62.8 

88.4 

60. 

/,  f  Max 

6  {5!?;;; 

70. 

62.3 

85.5 

62. 

80.1 

59.9 

78. 

61.7 

85.3 

61.3 

00.1 

59.7 

85.8 

62.3 

81. 

60.9 

58.4 

58.3 

87.7 

63. 

81.8 

61.1 

50.9 

69.8 

85.4 

64.2 

82.2 

62. 

88.1 

60. 

Mm."::: 

68.6 

60. 

84.1 

60.8 

81. 

59.9 

88.8 

58.2 

83.7 

50.9 

00.3 

59.3 

84.3 

61.2 

82. 

60.70 

50. 

58.6 

88.7 

61.9 

82.2 

61.9 

08.6 

59.9 

84.8 

63.1 

82.3 

62. 

80.3 

60. 

»  f  Max 

Mwn;:: 

68. 

59.2 

M.4 

60.4 

88.5 

59.5 

87.8 

57.6 

83.4 

59.6 

50.9 

59. 

84.3 

60.7 

8L5 

60.4 

58.9 

58.5 

86.0 

61. 

81.8 

60.4 

88.1 

59.8 

84. 

62.4 

82.1 

61.8 

80.2 

60. 

f  Max 

'«{m";:: 

71.2 

61.6 

88.1 

61.9 

81.2 

60.3 

71.7 

60. 

85.7 

60.9 

00.9 

59.9 

88.8 

62.6 

82.1 

61.3 

59.1 

58.9 

08.4 

63.1 

82.4 

61.3 

81.3 

60.1 

85.7 

63.7 

82.8 

61.8 

88.7 

59.9 

fMax 

71.2 

62.8 

88.3 

62.8 

82. 

60.9 

71.2 

61.4 

85.7 

61.9 

01.4 

60.3 

87.1 

63.5 

83. 

62.0 

50.9 

59.3 

88.2 

61.9 

83. 

62.1 

81.3 

60.5 

80. 

64.3 

82.4 

62.2 

88.1 

60.0 

fMax 

•Mm";;; 

72. 

66.5 

87.8 

65.1 

82.5 

62.2 

71.7 

65.9 

88.5 

64.9 

82.3 

62.1 

88.8 

66.9 

84. 

63.8 

80.9 

60.3 

88.9 

66.9 

84. 

63.8 

81.8 

61.8 

87.9 

67. 

83.3 

62.8 

88.5 

60.3 

f  Max 

•mS".;: 

72.6 

63.8 

87.9 

63.9 

83. 

62.1 

71.8 

62.1 

88.5 

62.8 

82.3 

61.7 

88.8 

65. 

84.8 

63.9 

81. 

60.9 

88.9 

65. 

84.4 

63.9 

82.5 

62.1 

87.8 

66. 

83.8 

03.0 

81.1 

61. 

<A  f  Max 

•MmS;;. 

86.8 

63.9 

86.7 

63.4 

83.8 

62.1 

84.2 

63. 

84.3 

62.5 

83. 

61.4 

88.8 

64.7 

85. 

63.8 

81.7 

61.3 

88. 

64.6 

86. 

63.7 

82.8 

62.5 

88. 

65.9 

84.3 

64. 

82. 

61.8 

fMax 

•Mm";:: 

70.S 

62.8 

88.2 

62.2 

81.8 

61.2 

71. 

62.1 

88. 

61.8 

81.3 

60.7 

87.3 

63.6 

82.7 

62.4 

88.7 

60.5 

88.8 

63.2 

82.8 

62.3 

81.5 

61.2 

88.6 

64.8 

83.3 

63.2 

81.7 

61.5 

r  Max 

iMm?;:: 

72. 

63. 

87.8 

63.6 

83.6 

62.3 

72.5 

62.6 

87.2 

63. 

83.1 

62. 

88. 

64.8 

84.8 

63.9 

81.6 

61.3 

88.4 

65. 

84.5 

63.9 

83. 

62.2 

88.2 

66.9 

84.7 

64.6 

82. 

62. 

.o  fMax 

'MMta;:: 

88. 

63. 

85.4 

63. 

83.2 

62.3 

88. 

61.5 

84.8 

62. 

82.7 

61.7 

t 

88.2 

63.8 

84.6 

63.4 

81.3 

61.2 

88.9 

63.7 

84.8 

63.3 

83. 

62.2 

87.7 

65.6 

84.8 

64.4 

82.3 

61.8 

f  Max 

»MMi^;:: 

70.5 

63.5 

88.9 

63.9 

82.7 

62.2 

70.4 

62.5 

88. 

63. 

82.1 

61.6 

87.7 

64.7 

83.7 

63.3 

81.1 

61. 

88.7 

61. 

83.7 

63.2 

82.2 

62. 

88.9 

65.6 

84.1 

64. 

82.2 

62. 

f  Max 

»{"";:: 

70.8 

63.1 

88.8 

63.4 

82.9 

62.3 

70.8 

62. 

85.8 

62.5 

82.2 

61.7 

87.4 

64.2 

83.7 

63.3 

81.4 

61. 

88.8 

64.1 

83.8 

63.3 

82.3 

62. 

88.8 

65.6 

84.2 

63.9 

82.1 

61.9 

fMax 

2Mm".:: 

72.  , 

63.9 

87.5 

64.1 

8S.2 

63. 

71.8 

G3. 

88.3 

63.2 

82.7 

62.3 

88.3 

65. 

84.3 

63.9 

82.5 

61.3 

88. 

65. 

84.2 

63.9 

82.8 

62.4 

87.4 

66.4 

84.5 

64.2 

82.5 

62.0 

^{Sl?;:: 

74. S 

63.6 

88. 

64.4 

83.8 

63. 

73.5 

62.8 

87.4 

63.5 

83.1 

62.6 

88.8 

65.4 

84.8 

64.4 

82. 

61.8 

71. 

64.7 

84.7 

64.1 

83. 

62.9 

88.2 

66.4 

84.8 

64.6 

82.5 

62.2 

74. 

68.4 

70. 

67.6 

88. 

65.3 

73. 

67.3 

88.5 

66.0 

85.2 

64.5 

71.2 

68.8 

87.1 

66.5  > 
IP" 

83.3 

63.0 

71.0 

68.0 

88.7 

66.2 

84.5 

64.3 

70.8 

69.6 

88.3 

66.0 

83.2 

62.9 

f  Max 

2«{"";:: 

77.0 

67.8 

71.4 

67.5 

88.1 

65.3 

75.8 

66.5 

88.8 

66.0 

85.1 

64.4 

72.7 

68.7  1 

87.3 

66.5 

84.0 

63.5 

74.5 

68.4 

88.8 

66. 5J 

86.0 

64.5 

71.2 

69.6 

87.1 

66.4 

84.8 

63.5 

2«{!!!?;:: 
^'(SS!::: 
^{S!?;:: 

77.0 

69.6 

75.2 

69.4 

77.5 

68.8 

72.5 

60.2 

71.2 

68.9 

72.3 

68.3 

88.9 

66.4 

87.5 

66.4 

87.1 

66.2 

75.0 

68.0 

73.4 

68.3 

75.4 

67.7 

70.7 

67.7 

08.4 

67.5 

70.3 

66.9 

88.0 

65.3 

88.3 

65.3 

88.0 

65.3 

73.0 

70.3 
%' 
72.5 
70.0 
to 

78.8 

70.0 

M' 
88.4 

67.8 

■r 

88.0 

68.0 
It' 
88.8 

68.0 

84.0 

63.6 

86.0^ 
64.7 
M 
05.0 

64.8 

74.5 

69.5 

73.0 

60.7 

74.8 

69.4 

88.1  1 

67.3 

88.7 

67. 5J 

88.3 

67.3; 

05.8 

65.1 

88.2 

65.5 

88.0 

65.8 

73.8 

71.0 

72.5 

71.3 

73.8 

71.0 

88.8 

67.1 

88.8 

68.1 

88.8 

68.8 

84.7 

63.7 

88.1 

66.0 

88.7 

65.2 

»{!!.?;:: 

74.8 

70.2 

70.2 

60.6 

87.9 

64.8 

73.3 

69.2 

08.1 

68.2 

08.8 

63.9 

71.9 

71.1 

» 

88.5. 

66.1 

85.3 

62.9 

72.3 

70.9 

89.0 

66.0 

08.7 

63.8 

73.5 

71.5 

88.3 

66.3 

86.8 

63.2 

Monthly 
ranga  — 

7.88 

8.S2 

8.02 

0.43 

3.32 

0.95 

3.00 

8.87 

0.47 

4.58 

0.00 

8.58 

1.82 

8.48 

8.44 
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TABLE  37.-DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  JULY,  1912. 


Date- 
Maximum, 

Qraval. 

Sand. 

Loam. 

Clay. 

PMt 

minimum. 

12' 

18' 

12' 

18' 

12' 

18' 

6' 

12' 

18' 

6' 

12' 

18' 

1 

/Mu... 

IMin.... 

76.S 

68.0 

71.4 

68.1 

88.7 

66.6 

74.0 

67.0 

89.3 

66.3 

87.4 

65.5 

72.6 

69.1 

70.3 

68.2 

88.3 

65.3 

73.2 

69.2 

88.8 

67.7 

67.8 

66.1 

73.3 

71.8 

70.4 

69.1 

67.0 

66.0 

2 

[Max... 

tMin.... 

76.5 

70.7 

71.8 

68.7 

88.8 

66.4 

74.3 

69.0 

89.7 

67.1 

87.5 

66.3 

73.3 

70.1 

70.2 

68.0 

88.5 

64.7 

73.8 

69.7 

70.0 

67.6 

87.6 

66.3 

74.0 

71.2 

70.3 

6.90 

67.2 

66.0 

3 

fMtx... 

IMin.... 

79.8 

72,0 

75.0 

71.3 

69.2 

68.8 

77.2 

71 .0 

72.4 

70.0 

88.8 

67.8 

78.5 

73.0 

70.8 

70.5 

88.9 

66.5 

77.1 

72.4 

70.3 

70.0 

88.2 

67.6 

78.1 

74.3 

71.1 

70.2 

67.5 

66.8 

4 

(Max... 

[  MiD. . . . 

80.4 

71.9 

75.0 

70.6 

69.4 

68.0 

77.6 

70.8 

72.4 

69.0 

88.0 

67.0 

76.6 

72.1 

7L0 

69.9 

88.6 

66.0 

77.6 

71,9 

70.3 

69.3 

67.9 

67.3 

78.1 

73.4 

70.8 

70.0 

87.2 

66.3 

5 

fMax... 

iMin.... 

80.0 

74. 8 

75.8 

72.7 

71.0 

69.6 

77.8 

73.0 

73.2 

71.1 

09.4 

68.2 

77.4 

74.7 

72.4 

71.3 

67.6 

67.0 

77.9 

74.1 

7L3 

71.0 

68.7 

68.4 

77.0 

75.6 

71.5 

71.2 

87.5 

67.0 

6 

/Max... 

IMin.... 

80.8 

74.9 

77.1 

73.8 

71.5 

71.0 

78.6 

74.0 

74.6 

72.1 

79.2 

69.5 

78.9 

75.7 

73.4 

72.7 

69.1 

68.6 

79.2 

74.8 

72.9 

71.9 

70.2 

69.3 

78.5 

76.2 

73.4 

72.0 

88.8 

67.8 

8 

/Max... 

IMin.... 

80.8 

72.3 

75.7 

71 .9 

70.8 

70.0 

80.3 

71.3 

74.3 

70.8 

89.8 

69.1 

77.4 

73.7 

72.3 

72.0 

90.0 

68.7 

78.4 

73.0 

71.9 

71.3 

70.0 

69.6 

77.3 

75.5 

73.2 

72.0 

88.8 

60.6 

9 

(Max... 

I  Min. . . . 

83. 1 

74.2 

77.2 

73.0 

71.4 

70.4 

81.5 

73.0 

75.5 

71.7 

70.4 

69.5 

78.5 

76.0 

73.0 

72.2 

69.8 

68.3 

79.7 

74.3 

72.3 

71.7 

70.3 

69.7 

78.1 

76  2 

73.5 

72.9 

89.9 

69  3 

10 

fMax... 

1  Min. . . . 

82.6 

76.4 

78.8 

75.1 

73.2 

72.2 

80.4 

76.3 

78.8 

73.8 

72.3 

71.3 

80.3 

77.0 

75.8 

74.0 

71.6 

69.6 

90.7 

76.3 

74.8 

73.4 

72.0 

71.0 

80.4 

78.1 

75.0 

74.0 

71.3 

70.0 

11 

[Max... 

1  Min. . . . 

83.7 

76.2 

78.8 

75.5 

73.7 

73.1 

81.2 

75.1 

78.5 

74.0 

72.5 

72.0 

80.4 

77.2 

75.4 

74.8 

7LI 

71.0 

81.0 

75.3 

75.9 

74.0 

72.7 

72.0 

68.8 

78.2 

76.7 

76.2 

71.9 

71.4 

12 

^Max.... 

IMin.... 

61.5 

76.6 

77.7 

75.0 

74.0 

73.0 

79.3 

74.4 

76.4 

73.3 

72.8 

71.9 

79.4 

76.6 

75.8 

75.0 

71.3 

71.2 

79.8 

75.7 

75.0 

74.0 

72.3 

72.1 

79.3 

78.0 

75.9 

76.6 

72.9 

71.8 

13 

/Max... 

IMin.... 

78.3 

74  0 

78.1 

73.8 

74.0 

72  2 

75.3 

72.4 

74.9 

72.8 

72.7 

71.2 

77.9 

76.3 

75.9 

74.3 

7L8 

71.3 

76.7 

74.6 

75.6 

73.2 

72.0 

72.0 

79.4 

76.7 

75.9 

76.3 

72.3 

72.2 

15 

/Max... 

I  Min. . . . 

86.8 

74  6 

78.9 

74  2 

72.3 

71  9 

86.2 

74. 1 

78.4 

74.0 

72.6 

71.0 

78.6 

75.1 

73.9 

73.0 

70.3 

70.0 

79.4 

75.9 

73.8 

72.9 

71.5 

71.0 

78.0 

76.2 

74.4 

73.9 

71.8 

71.2 

16 

fMax...- 

IMin.... 

78.4 

69  0 

73.9 

70.0 

72.0 

70  2 

79.8 

66.3 

73.3 

68.8 

71.3 

69.7 

75.0 

71.4 

73.9 

71.9 

70.8 

70.0 

70.1 

71.0 

73.2 

71.6 

7L9 

70.8 

75.7 

73.7 

74.2 

73.4 

71.7 

71.3 

17 

[Max... 

\Min.... 

81.8 

73  0 

78.6 

72.5 

71.9 

71  0 

82.3 

71 .5 

76.1 

71 .6 

71.3 

70.2 

77.8 

73.8 

73.2 

71.9 

70.3 

09.4 

78.9 

73.1 

72.9 

71.3 

71.2 

70.0 

78.9 

74.2 

73.8 

72.7 

7L4 

70.4 

18 

(Max... 

I  Min. . . . 

74.0 

71  3 

74.5 

71  3 

73.0 

71  3 

72.8 

70.1 

73.1 

70.2 

72.2 

70.3 

75.7 

72.6 

74.6 

72.9 

70.7 

70.2 

74.3 

71.6 

73.5 

72.0 

7L7 

71.2 

77.3 

74.3 

74.0 

73.8 

71.2 

71.0 

19 

^Max... 

i  Min. . . 

71.1 

63  6 

88.1 

64  8 

89.2 

66  8 

72.8 

61 .6 

88.2 

63.8 

88.4 

66.1 

89.4 

66.0 

71.1 

68.6 

70.0 

68.2 

70.2 

66.1 

70.1 

67.8 

70.2 

68.1 

71.4 

60.1 

72.0 

71.3 

71.2 

70.3 

20 

(Max... 

I  Min. . . . 

85.8 

88.4 

65  6 

67.2 

66  2 

64.9 

64.2 

80.0 

65.2 

67.6 

66.0 

67.8 

66.7 

88.8 

67.5 

87.4 

67.0 

88.9 

66.3 

88.8 

67.0 

67.7 

67.1 

79.3 

68.9 

70.6 

70.0 

89.9 

60.3 

22 

^Max... 

IMin.... 

71.0 

87.3 

95.1 

64  2 

73.8 

62  5 

88.1 

63.6 

65.0 

64.0 

87.9 

64.6 

65.8 

65.0 

65.3 

64.6 

88.6. 

64.3 

86.4 

64.6 

85.5 

64.8 

88.9 

65.4 

87.7 

66.4 

87.7 

66  5 

23 

(Max... 

I  Min..:. 

89.3 

65.5 

87.6 

66.0 

88. 

00.9 

70.1 

At.  A 
OO.O 

88.6 

66  3 

88.2 

66.0 

88.0 

66.5 

88.2 

66.0 

85.6 

64.7 

89.2 

67.0 

88.5 

66.2 

85.8 

66.6 

88.0 

67.3 

88.8 

66.6 

88.2 

66.1 

24 

fMax... 

IMin.... 

73.0 

0/  .0 

88.8 

86.2 

00. u 

73.4 

67.3 

89.9 

66.9 

88.2 

66.0 

70.1 

67.7 

86.9 

66.2 

85.4 

64.7 

7L5 

67.9 

67.0 

66.6 

80.1 

66.5 

88.7 

67.9 

88.9 

60.2 

89.1 

66.3 

25 

fMax... 

i  Min. . . . 

76.1 

/U.l 

72.2 

AO  1 

88.8 

A7  A 
Ol  .0 

78.0 

09.4 

73.6 

69.3 

88.1 

67.6 

72.9 

70.2 

88.7 

68.2 

88.0 

65.8 

75.0 

70.7 

89.0 

68.3 

67.2 

66.9 

7L8 

70.3 

^'i 

67.6 

88.3 

66.1 

26 

[Max... 

IMin.... 

73.0 

D9.U 

70.1 

68  2 

89.6 

68  0 

73.6 

67.9 

79.1 

68.0 

89.6 

67.8 

70.8 

69.0 

88.9 

68.9 

88.9 

66.8 

72.2 

09.3 

70.1 

69.1 

68.3 

68.0 

71.4 

70.0 

89.9 

69.1 

67.3 

66.8 

27 

[Max... 

IMin.... 

74.8 

65.5 

70.1 

66.3 

87.2 

66.1 

75.6 

64.2 

70.0 

65.9 

67.0 

66.0 

7L0 

67.3 

88.2 

67.1 

88.1 

65.5 

72.7 
67.4 

68.5 

67.1 

67.7 

66.2 

88.8 

68.0 

88.2 

67.7 

88.8 

66.3 

29 

fMax. . . 

IMin.... 

71.6 

66.8 

89.0 

67.2 

67.6 

67.1 

71.9 

66.4 

88.9 

«6.2 

87.6 

66.7 

69.9 

68.4 

89.2 

68.2 

67.2 

66.9 

70.6 

67.9 

89.0 

68.0 

87.9 

67.4 

70.4 

69.7 

89.4 

60.0 

88.0 

67.6 

30 

[Max... 

iMin.... 

69.8 

64.8 

88.1 

65.4 

87.0 

66.1 

79.1 

63.8 

88.2 

65.0 

67.0 

65.9 

89.6 

66.1 

88.3 

67.2 

88.9 

66.4 

89.9 

66.2 

88.1 

67.2 

67.5 

67.0 

00.8 

68.2 

89.1 

68.0 

88.0 

67.7 

31 

/Max... 

IMin.... 

88.9 

63.3 

88.8 

64.6 

88.2 

66.2 

79.8 
61.9 

86.9 

63.8 

89.0 

65.2 

67.1 

66.1 

88.9 

66.0 

88.6 

65.7 

88.3 

66.0 

88.9 

66.0 

68.6 

66.9 

88.0 

67.0 

88.2 

ar.7 

67.6 

67.8 

Monthly 
ranga  

6.17 

3.80 

1.94 

8.78 

3.80 

1.03 

2.94 

1.87 

0.83 

4.07 

1.12 

0.78 

L77 

0.67 

0.69 
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TABLE  38.-DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURESOF  DIFFERENT  TYPES  OF  SOIL  AUGUST,  1912. 


Date- 
Maximum, 

QraveL 

9and. 

Loam. 

Clay. 

Peat 

minimum  I 

12' 

18' 

9' 

12' 

18' 

9' 

12' 

18' 

6' 

12' 

18' 

6' 

12' 

19* 

*  1  Min. . . . 

n.i 

62.4 

99.1 

63.3 

96.5 

64.4 

99.9 

61.9 

99.5 

63.3 

95.6 

64.5 

99.1 

63.8 

66.2 

65.0 

65.4 

64.6 

68.9 

64.3 

69.2 

65. 0 

69.9 

65.0 

97.1 

65.9 

67.5 

66.3 

99.9 

66. 1 

„  fMax... 

^iMiD.... 

n.7 

64.0 

95.9 

64.4 

95.2 

64.8 

99.1 

63.4 

95.2 

64.0 

95.3 

64.6 

96.9 

64.8 

96.7 

66.0 

64.3 

64.7 

66.4 

65.0 

95.9 

65.2 

95.4 

66.1 

96.1 

66.8 

69.1 

66.0 

66.9 

66.0 

-  fMax... 

^  \  Min. . . . 

6S.4 

69.4 

92.4 

61.0 

64.9 

62.8 

94.2 

58.0 

62.9 

60.5 

63.7 

62.6 

62.9 

61.2 

94.9 

63.2 

64.8 

63.6 

63.3 

61.0 

64.4 

63.0 

69.1 

64.0 

64.5 

63.2 

66.6 

65.0 

66.6 

65.3 

.fMax... 

^iMin.... 

71.4 

62.8 

97.9 

63.3 

94.1 

63.3 

72.9 

62.0 

97.8 

63.2 

94.2 

63.3 

67.7 

63.4 

94.9 

63.4 

63.1 

62.7 

69  3 

63.8 

64.3 

63.5 

63.7 

63.2 

66.9 

64.0 

64.2 

63.9 

94.3 

63.9 

.fMax... 

"  1  Mm. . . . 

72.1 

65.2 

99.9 

65.4 

96.1 

65.0 

72.9 

64.2 

98.9 

66.0 

95.1 

64.8 

99.9 

65.7 

96.2 

66.1 

63.9 

63.3 

70.2 

65.9 

65.7 

65.2 

64.6 

64.2 

67.1 

66.0 

64.9 

64.5 

94.1 

64.0 

7  fMax... 

'  iMin.... 

72.3 

67.4 

99.7 

67.0 

99.1 

66.9 

73.9 

66.9 

99.5 

66.6 

99.1 

65.7 

79.1 

67.5 

99.6 

66.2 

64.8 

64.4 

71.2 

67.9 

99.7 

66.2 

65.4 

65.3 

99.9 

67.3 

95.9 

65.4 

94.9' 

64.4 

sis?"--- 

1  Min. . . . 

79.3 

67.6 

99.9 

67.2 

99.5 

66.1 

74.1 

66.8 

69.9 

66.7 

99.2 

65.9 

79.5 

68.0 

67.1 

66.9 

66.9 

66.0 

71.7 

68.2 

97.2 

66.9 

99.9 

66.9 

69.3 

68.3 

96.4 

66.2 

66.9 

64.9 

"iMm.... 

71. 

68.6 

99.4 

67.6 

99.9 

66.0 

^.9 

99.9 

67.8 

99.9 

66.7 

79.2 

68.5 

67.8 

66.9 

95.6 

64.8 

79.8 

68.9 

68.9 

67.1 

66.3 

65.9 

79.9 

69.2 

67.9 

66.5 

66.S 

64.8 

*"\Min.... 

66.9 

66.2 

67.9 

66.1 

99.7 

65.9 

71.9 

65.3 

97.9 

66.8 

95.1 

66.4 

68.9 

67.1 

97.8 

66.9 

66.8 

65.2 

99.4 

67.0 

97.5 

66.6 

96.5 

65.9 

99.4 

68.4 

67.5 

67.0 

•6.9 

65.6 

*^\Mm.... 

70.9 

66.3 

98.9 

66.3 

96.9 

64.5 

72.9 

64.6 

99.4 

64.7 

95.7 

64.3 

99.8 

65.9 

96.6 

65.3 

66.2 

64.3 

79.9 

66.1 

66.3 

65.1 

66.9 

64.9 

98.2 

66.6 

67.3 

66.2 

M.I 

65.5 

"  1  Mm. . . . 

76.9 

68.3 

71.0 

67.8 

98.9 

66.0 

77.9 

68.6 

71.4 

67.9 

99.9 

66.0 

71.4 

68.3 

97.1 

66.6 

65.9 

64.6 

73.2 

60.3 

97.4 

66.7 

99.9 

66.6 

79.9 

69.3 

97.1 

66.6 

•6.6 

65.2 

**\Min.... 

79.9 

60.9 

72.6 

69.3 

98.6 

67.8 

77.9 

69.3 

72.7 

68.9 

98.3 

67.3 

73.1 

70.0 

69.9 

68.3 

66.9 

66.7 

74.9 

70.8 

69.2 

68.7 

67.2 

67.1 

72.2 

71.0 

68.3 

68.0 

•9.9 

65.8 

\  Mm. . . . 

73. 2 

68.3 

79.3 

68.2 

99.4 

67.8 

73.9 

67.0 

79.9 

67.3 

99.9 

67.2 

71.9 

69.0 

70.9 

68.8 

97.9 

66.5 

71.9 

68.9 

79.9 

68.6 

68.3 

67.6 

72.1 

70.5 

69.3 

60.0 

•9.7 

66.6 

*"\Mm.... 

73.4 

66.0 

99.9 

66.5 

98.2 

66.5 

73.9 

64.5 

99.9 

65.5 

67.7 

61.2 

79.9 

67.3 

99.3 

67.7 

97.9 

66.1 

71.3 

66.9 

69.9 

67.4 

98.9 

66.6 

79.4 

68.8 

69.3 

68.4 

•9.S 

67.0 

.-/Max... 

"  \Min.... 

69.4 

66.0 

97.7 

66.3 

67.8 

66.2 

99.9 

65.2 

97.9 

65.6 

97.1 

66.0 

98.4 

67.1 

68.4 

67.2 

99.1 

66.1 

96.3 

66.4 

66.9 

66.7 

97.1 

66.4 

69.8 

68.6 

68.4 

68.1 

•7.1 

66.9 

in/Max... 

"  \  Mm. . . . 

70.7 

69.4 

79.9 

09.0 

98.2 

67.3 

79.2 

60.0 

99.4 

68.3 

99.9 

67.0 

71.9 

60.9 

99.9 

68.2 

69.1 

66.0 

70.1 
69.4 

98.9 

68.0 

97.9 

66.8 

71.2 

70.2 

68.2 

68.2 

•9.7 

66.5 

^  \  Mm. . . . 

72.9 

68.0 

79.9 

67.4 

67.6 

66.7 

74.9 

67.4 

99.8 

66.9 

67.2 

66.3 

79.7 

68.2 

99.4 

67.6 

66.4 

65.9 

71.3 

68.0 

68.9 

67.5 

97.1 

66.7 

70.2 

69.3 

99.3 

68.3 

••.• 

66.6 

\  Mm. . . . 

74.3 

67.5 

71.9 

67.6 

98.9 

67.2 

76.9 

67.2 

71.5 

67.2 

99.9 

66.9 

71.8 

68.3 

69.9 

68.0 

67.0 

66.0 

73.1 

68.3 

69.9 

67.8 

97.5 

67.0 

71.2 

69.6 

69.2 

68.5 

•7.9 

66.9 

\  Mm. . . . 

71.2 

68.3 

79.9 

68.4 

69.9 

68.2 

71.3 

67.6 

79.9 

68.2 

99.9 

68.0 

T0.7 

69.2 

99.9 

60.0 

97.4 

67.3 

71.1 
69.6 

99.7 

69.0 

68.3 

68.1 

71.9 

70.2 

99.5 

60.4 

••.9 

67.0 

23(Max... 

^  \  Mm. . . . 

99.7 

65.0 

97.1 

65.6 

67.7 

66.2 

98.1 

64.0 

97.9 

65.2 

67.4 

66.2 

97.7 

66.2 

68.8 

67.3 

97.3 

66.5 

98.2 

66.0 

99.4 

67.1 

66.9 

67.1 

99.1 

67.8 

99.9 

68.8 

•8.1 

66.0 

^*  1  Mm. . . . 

71.7 

62.8 

97.5 

63.8 

69.9 

64.8 

72.7 

61 .7 

67.9 

63.4 

95.9 

64.5 

97.8 

64.2 

96.9 

65.4 

66.1 

66.2 

69.3 

64.3 

69.4 

65.4 

66.4 

65.3 

66.9 

65.3 

99.9 

66.8 

•7.9 

66.8 

''°\Mm.... 

79.2 

72.5 

76.9 

71.7 

79.4 

60.0 

79.3 

71.8 

76.9 

71.3 

79.1 

68.9 

79.1 

72.4 

71.9 

69.0 

97.5 

65.6 

77.2 

72.3 

71.9 

69.3 

66.9 

66.9 

74.8 

72.4 

69.4 

67.2 

••.• 

65.4 

*'  \  Mm. . . . 

79.9 

60.0 

72.1 

69.5 

70.3 

60.4 

76.9 

67.9 

71.9 

68.7 

99.9 

60.0 

72.7 

70.1 

71.2 

70.3 

68.7 

68.0 

73.2 

60.7 

71.9 

69.9 

69.4 

60.2 

73.9 

71.6 

79.9 

70.0 

••.S 

67.4 

I  Mm. . . . 

99.1 

65.5 

99.3 

66.0 

99.9 

66.9 

67.6 

64.6 

99.7 

65.4 

99.9 

66.4 

79.1 

67.0 

79.7 

68.0 

66.5 

67.2 

69.9 

66.3 

79.9 

67.3 

99.2 

67.3 

71.7 

69.1 

79.7 

68.0 

••.7 

68.0 

3o{!lSf;.:: 

92.9 

60.3 

92.9 

61.0 

94.6 

62.2 

61.8 

59.1 

62.9 

60.5 

64.4 

62.0 

93.5 

61.7 

95.2 

63.0 

65.9 

63.1 

69.2 

62.0 

64.9 

62.3 

66.9 

63.5 

96.9 

65.6 

66.9 

63.8 

••.• 

65.8 

nn/Max... 

^iMin.... 

97.9 

63.1 

95.9 

63.8 

95.8 

65.0 

97.3 

62.2 

96.3 

63.4 

95.2 

64.6 

99. 

64.6 

66.8 

65.6 

69.3 

66.6 

69.9 

64.0 

66.1 

66.4 

66.2 

65.8 

99.4 

67.9 

67.9 

66.0 

•7.9 

67.7 

11  'Max. . . 

^MMin... 

71.7 

60.6 

97.9 

61.1 

63.2 

62.0 

73.9 

60.0 

97.4 

61.0 

63.6 

61.8 

97.2 

61.7 

63.3 

62.8 

62.8 

62.8 

69.3 

61.4 

63.6 

62.4 

63.9 

62.7 

96.7 

63.4 

64.9 

63.2 

•6.1 

64.7 

Monthly 
range .  . 

5.22 

1 

2.93 

1.99 

9.59 

...1 

1.29 

3.31 

3.42 

1.12 

9.79 

1.34 

9.76 

9.SI 
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TABLE  39.-DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  SEFTEM- 

BER,  1912. 


Date— 

Mnvimttm 

Qraval. 

Sand. 

Loam. 

Clay. 

Paat 

minimum. 

12' 

18' 

0* 

I 

18' 

0' 

12' 

18* 

0* 

12* 

18' 

0 

12 

18' 

9  fMtx... 

2\Min.... 

S8.5 

31.3 

73.9 

70.2 

68.9 

68.0 

79.2 

71.0 

1  73.9 

70.0 

88.8 

68.0 

74.0 

71.2 

00.1 

68.5 

88.9 

66.6 

76.9 

71.2 

08.4 

68.7 

87.2 

67.1 

72.0 

71.2 

07.8 

67.4 

05.8 

65.3 

-/Max... 

77.0 

71.6 

73.2 

70.9 

70.0 

60.3 

78.2 

70.8 

73.3 

70.2 

89.3 

60.0 

74.4 

72.0 

70.4 

70.0 

07.8 

67.0 

76.0 

71.9 

71.0 

69.9 

88.8 

68.1 

78.9 

72.6 

88.8 

60.0 

68.6 

66  2 

*\Min.... 

71.1 

71.1 

73.6 

70.5 

70.6 

60.8 

77.0 

70.2 

72.8 

70.0 

70.0 

69.4 

74.0 

72.7 

71.4 

71.0 

08.7 

68.3 

74.2 

70.8 

71.2 

70.5 

88.8 

69.4 

74.0 

73.4 

71.0 

70.4 

88.7 

67.8 

*(Min.... 

77.1 

71.2 

74.0 

71.3 

70.3 

69.8 

77.3 

70.2 

73.9 

70.6 

70.2 

69.5 

75.1 

72.4 

71.0 

71.1 

89.8 

68.8 

76.2 

71.2 

71.2 

70.4 

88.9 

09.4 

74.8 

72.9 

71.2 

71.0 

80.0 

68.9 

.  fMax... 

•^IMin.... 

77.5 

71.2 

73.9 

71.3 

70.5 

70.2 

79.0 

70.0 

74.0 

70.6 

70.2 

69.6 

75.3 

72.5 

71.7 

71.3 

68.0 

60.0 

70.9 

70.0 

71.4 

71.0 

70.0 

69.7 

74.8 

73.3 

71.0 

71.4 

09.4 

09.3 

'\Min.... 

78.6 

71.8 

78.7 

71.4 

71.2 

70.8 

79.8 

71.0 

74.8 

71.0 

70.8 

70.2 

76.9 

72.9 

72.1 

72.0 

09.4 

60.1 

70.3 

71.3 

72.0 

71.5 

70.3 

70.1 

76.4 

74.4 

72.0 

72.0 

09.0 

69.4 

78.6 

72.2 

74.3 

71.4 

71.2 

70.0 

79.2 

71.2 

74.8 

70.3 

70.8 

60.7 

75.5 

72.4 

72.3 

71.1 

09.4 

68.8 

70.8 

72.1 

71.8 

70.8 

70.4 

60.3 

76.0 

73.2 

72.1 

71.4 

70.0 

69.4 

79.8 

73.1 

76.0 

72.8 

72.2 

71.6 

79.8 

71.9 

75.3 

71.7 

71.8 

71.1 

70.8 

73.7 

73.2 

72.8 

70.1 

70.0 

77.4 

72.0 

73.0 

72.2 

71.1 

71.0 

78.0 

74.8 

78.0 

72.7 

70-7 

70.2 

73.7 

72.7 

78.7 

72.4 

72.7 

71.8 

73.6 

71.4 

72.7 

71.4 

72.2 

71.0 

76.0 

73.6 

73.0 

73.0 

70.8 

70.5 

74.0 

72.9 

73.1 

72.3 

71.5 

71.3 

78.2 

73.3 

76.1 

73.2 

71.1 

70.6 

"{SS";.:: 

71.6 

64.4 

09.0 

66.0 

89.8 

68.0 

71.7 

62.8 

88.7 

65.4 

09.3 

67.4 

09.8 

67.1 

71.4 

09.2 

70.2 

09.2 

70.5 

66.3 

78.0 

09.0 

70.0 

69.3 

72.8 

69.9 

72.3 

71.7 

71.0 

70.9 

"{S£-.:: 

76.7 

65.0 

•8.8 

65.9 

88.1 

67.1 

71.1 

63.6 

68.3 

65.3 

87.8 

66.9 

89.2 

66.9 

09.3 

68.0 

08.6 

67.8 

89.8 

66.0 

80.  a 

67.8 

80.8 

67.8 

09.0 

68.3 

70.4 

70.1 

70.2 

70.0 

"{SS-.:. 

68.0 

65.8 

67.1 

66.0 

67.8 

66.4 

87.8 

65.2 

88.7 

65.6 

07.2 

66.3 

88.9 

66.6 

08.2 

67.5 

87.0 

66.4 

88.1 

66.4 

08.0 

67.0 

07.8 

67.1 

88.0 

67.8 

00.0 

68.6 

68.0 

68.3 

"{SS:;: 

67.1 

62.3 

65.7 

63.2 

88.3 

65.0 

88.1 

61.5 

85.6 

63.0 

68.0 

64.8 

88.0 

64.0 

87.0 

65.6 

88.3 

65.6 

80.7 

63.5 

88.5 

65.2 

89.6 

65.6 

87.0 

65.5 

88.0 

67.0 

87.0 

67.2 

62.6 

61.6 

63.7 

62.7 

65.4 

64.3 

62.3 

60.9 

83.5 

62.6 

05.3 

64.3 

84.4 

63.5 

88.8 

.64.9 

85.5 

65.1 

83.9 

62.9 

85.8 

64.4 

89.0 

65.2 

00.  i 

64.7 

87.6 

66.4 

87.8 

06.8 

•»{SS-.:; 

62.7 

50.3 

85.0 

62.3 

86.2 

63  5 

62.4 

60.0 

83.6 

62.4 

03.8 

63.3 

83.9 

62.9 

84.3 

63.8 

64.5 

64.0 

94.6 

62.7 

83.0 

63.5 

84.6 

64.0 

84.8 

63.6 

Oi.8 

65.0 

08.5 

66.9 

«{SS-.;: 

60.8 

58.9 

61.4 

60.3 

63.6 

62.0 

80.1 

58.4 

61.2 

60.2 

03.8 

62.2 

61.8 

60.4 

83.8 

62.8 

83.9 

63.4 

09.7 

50.6 

03.8 

62.1 

84.6 

62.9 

83.4 

61.9 

85.1 

64.1 

Oi.8 

65.4 

61.6 

57.8 

60.4 

58.9 

81.9 

60.3 

02.0 

56.6 

80.8 

58.6 

82.0 

60.7 

80.3 

58.8 

82.0 

60.7 

83.1 

61.8 

00.0 

58.6 

61.7 

60.1 

82.8 

61.4 

89.0 

59.7 

88.6 

62.3 

84.8 

64.2 

^'{Sl?;.:: 

66.1 

59.4 

82.5 

59.6 

61.9 

60.6 

66.9 

58.9 

63.8 

59.6 

61.6 

61.1 

82.8 

59.4 

81.8 

60.7 

81.6 

61.3 

63.9 

59.5 

61.7 

60.6 

61.8 

61.4 

81.8 

60.3 

82.0 

61.6 

83.8 

62  6 

«{S!?;.:: 

64.0 

57.3 

61.8 

58.5 

62.3 

60.8 

63.8 

56.4 

81.7 

57.8 

62.3 

60.6 

61.3 

58.1 

82.4 

60.8 

82.5 

61.6 

94.0 

57.8 

82.2 

60.4 

82.8 

61.4 

81.3 

59.0 

82.5 

61.6 

83.4 

62.8 

«{S!?.v.: 

62.1 

57.7 

60.5 

57.4 

81.1 

60.4 

62.0 

56.5 

80.2 

58.5 

89.6 

50.9 

80.1 

58.5 

81.0 

50.8 

81.1 

60.5 

80.8 

58.4 

81.8 

59.5 

81.2 

60.3 

60.9 

58.8 

89.7 

60.4 

82.1 

61.7 

61.9 

60.3 

00.7 

60.5 

81.2 

60.8 

03. 1 

59.8 

00.0 

60.4 

61.4 

60.6 

82.5 

60.4 

80.9 

60.6 

80.8 

60.6 

83.8 

60.7 

80.0 

60.7 

61. 1 

60.8 

61.8 

60.2 

80.8 

60.6 

61.8 

61.5 

61.8 

59.3 

01.9 

60.5 

62.4 

61.7 

02.2 

59.0 

82.0 

60.1 

62.6 

61.6 

62.0 

60.3 

82.2 

61.5 

61.7 

61.3 

61.9 

60.2 

82.6 

61.3 

82.2 

62.0 

82.1 

60.8 

81.7 

61.4 

61.8 

61.0 

27\MiD.... 

67.0 

54.4 

57.9 

55.0 

80.8 

58.4 

58.3 

52.5 

57.2 

54. (f 

60.7 

58.0 

67.4 

55.0 

00.7 

57.5 

81.1 

59.6 

58.6 

54.5 

80.0 

57.4 

81.8 

50.4 

58.3 

55.1 

80.9 

69.5 

«2.8 

60.5 

qg  /  Max  .  .  . 

^\Min.... 

6S.5 

53.2 

55.3 

54.6 

58.0 

57.0 

52.8 

52.5 

55.2 

54.7 

58.2 

57.4 

55.4 

54.2 

58.0 

56.9 

59.3 

58.8 

56.0 

53.8 

57.9 

56.5 

59.8 

58.4 

68.8 

54.9 

60.6 

58.8 

§1.2 

60.6 

»{{!!?..•■ 

53.4 

48.7 

53.3 

51  5 

54.5 

54  4 

53.7 

47  6 

63.4 

51  0 

55.0 

54.8 

52.4 

51.0 

54.8 

54  3 

58.4 

56  1 

53.2 

50.1 

54.1 

53.9 

58.0 

55.6 

52.0 

51.8 

56.7 

55.6 

58.7 

58  4 

Monthly 
ranoe — 

4.S6 

1.71 

1.00 

5.56 

2.48 

0.97 

2.11 

0.50 

3.24 

1.08 

0.71 

I 

,.47; 

0.84 

6.48 
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TABLE  40.-DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURES  OF  DIFFERENT  TYPES  OF  SOIL.  OCTOBER. 

1912. 


Date- 
Maximum, 

QravoL 

Sand. 

Lotm. 

City. 

Put 

minimum. 

ir 

18' 

8* 

12* 

ir 

8* 

12* 

18* 

6* 

12* 

18' 

r 

12* 

ir 

, /litx... 

MMin.... 

S7.I 

49.3 

56.0 

51.6 

54.7 

64.4 

67.8 

48.6 

55.4 

51.6 

55.0 

64.7 

54.2 

51.2 

54.1 

53.7 

55.5 

55.3 

55.8 

60.4 

54.0 

53.4 

56.6 

55.2 

52.3 

51.4 

54.9 

64.7 

58.5 

67.6 

^iMin.... 

58.0 

50.3 

55.8 

52.2 

56.1 

54.9 

58.8 

49.4 

56.8 

52.2 

55.4 

55.0 

54.6 

51.7 

54.3 

54.0 

56.3 

55.2 

58.6 

51.5 

64.6 

54.1 

65.4 

56.3 

52.40 

51.6 

54.8 

54.3 

58.1 

56.9 

»/Max... 

*\Min.... 

64.4 

52.3 

54.8 

53.8 

65.1 
54.9 

53.7 

52.2 

64.3 

53.6 

55.7 

55.2 

53.8 

53.0 

54.7 

54.5 

55.4 

55.2 

53.8 

52.8 

54.8 

54.6 

56.8 

55.4 

53.1 

52.3 

54.8 

54.1 

58.8 

56.2 

*\Min.... 

et.s 

52.2 

58.0 

54.5 

58.4 

55.6 

82.2 

51.5 

68.9 

54.1 

58.7 

55.9 

57.5 

52.8 

55.8 

53.9 

66.0 

65.4 

58.9 

53.4 

55.9 

65.0 

58.1 

56.6 

56.0 

53.8 

54.9 

54.4 

50.8 

66.0 

-/Mtx... 

'\Min.... 

n.s 

58.2 

68.4 

58.1 

58.3 

58.1 

60.8 

58.0 

50.1 

58.2 

58.4 

58.1 

50.0 

67.9 

57.6 

57.5 

58.8 

56.3 

50.0 

58.4 

58.1 

57.8 

67.4 

57.3 

58.8 

57.5 

65.7 

56.5 

58.8 

56.1 

*\Min:... 

SS.8 

52.3 

56.1 

54.5 

57.5 
56.4 

53.8 

51.5 

54.4 

53.4 

67.4 

55.9 

54.8 

53.5 

57.8 

56.2 

57.4 

56.8 

54.1 

53.6 

57.4 

55.9 

57.8 

57.0 

55.7 

54.0 

58.5 

56.3 

67.3 

56.7 

•{SI?;.:: 

54.3 

49.9 

53.7 

51.4 

54.0 

52.0 

54.4 

49.4 

53.5 

51.0 

54.4 

54.3 

53.4 

51.3 

54.8 

53.9 

66.7 

55.1 

54.1 

51.1 

54.3 

53.5 

56.4 

54.8 

52.8 

51.7 

56.3 

64.5 

58.7 

56.0 

>o{ai?;.:: 

64.2 

53.4 

54.4 

53.9 

56.1 

54.8 

54.4 

53.1 

54.3 

53.9 

65.4 

54.9 

54.2 

53.4 

54.8 

64.7 

65.2 

55.0 

54.1 

53.4 

54.8 

54.4 

56.3 

55.0 

54.0 

53.4 

54.9 

54.6 

58.0 

56.2 

"{Si^.:: 

58.6 

54.0 

58.2 

54.2 

56.0 

54.9 

57.9 

53.8 

58.0 

54.6 

56.2 

55.1 

66.9 

53.8 

54.8 

54.6 

56.1 

54.9 

58.8 

54.3 

54.8 

54.5 

55.8 

54.9 

54.4 

54.0 

64.8 

54.5 

58.2 

66.0 

»=={!!!?;.:: 

57.4 

54.9 

57.3 

54.8 

58.8 

55.6 

57.1 

54.3 

57.4 

55.0 

57.0 

55.8 

57.9 

54.7 

58.5 

54.9 

55.9 

55.4 

67.5 

54.6 

58.8 

55.4 

67.3 

55.3 

57.3 

55.1 

58.3 

54.8 

67.2 

55.6 

»{SS!';.:: 

62.4 

46.7 

61.3 
49.0 

52.1 

51.8 

52.7 

46.8 

61.7 

49.3 

53.0 

52.4 

50.5 

48.7 

51.9 

51.3 

53.2 

52.9 

51.8 

48.8 

51.7 

51.2 

53.0 

52.7 

49.8 

49.4 

62.9 

52.6 

65.2 

54.8 

»{S!?;.:: 

50.8 
44.4 

49.8 

46.7 

58.8 

50.1 

51.2 
44.7 

40.0 

47.4 

51.4 

50.6 

48.8 

45.9 

50.1 

40.7 

51.7 

51.6 

40.3 

45.7 

50.0 

49.4 

51.8 

51.3 

48.0 

47.0 

50.9 

50.6 

54.5 

53  7 

"{S!?;.:: 

5S.0 

45.5 

51.4 

47.4 

58.9 

50.0 

53.7 

44.9 

51.4 

47.7 

51.7 

50.4 

50.1 

46.9 

50.3 

49.6 

51.4 

51.3 

51.2 

46.7 

49.8 

49.4 

51.2 

51.1 

47.9 

47.0 

60.4 

50.1 

53.4 

53.0 

"{S!?;.:: 

54.9 

50.9 

53.4 

50.4 

62.7 

51.6 

56.1 

60.7 

53.8 

51.0 

52.8 

51.7 

51.8 

49.9 

52.7 

50.1 

62.2 

51.3 

53.7 

50.3 

61.9 

49.9 

52.1 

51.3 

50.9 

48.7 

50.7 

49.9 

53.8 

52.9 

«{S!?;.:: 

61.4 

48.1 

52.7 

49.1 

52.4 

50.4 

51.0 

48.3 

52.9 

51.0 

52.5 

51.4 

51.9 

51.1 

52.3 

50.4 

52.3 

51.6 

51.8 

50.3 

52.8 

51.1 

52.6 

51.9 

51.8 

50.3 

50.8 

50.2 

52.9 

52  3 

"{S!?;.:: 

53.3 

46.9 

51.3 

48.5 

61.3 

50.4 

53.8 

46.0 

51.7 

48.5 

51.8 

51.1 

51.0 

50.2 

60.7 

48.0 

52.0 

51.5 

51.9 

47.9 

50.6 

50.0 

51.8 

51.4 

40.1 

48.5 

51.0 

50.8 

53.4 

53.2 

^{S!?;.:: 

54.0 

52.8 

54.2 

52.0 

54.5 

51.6 

54.1 

53.5 

54.3 

52.0 

54.0 

51.9 

52.7 

50.8 

53.8 

51.4 

62.3 

51.7 

63.1 

52.1 

52.9 

60.8 

52.7 

51.3 

52.8 

50.2 

51.0 

50.0 

52.9 

52  1 

^{Sl?;.:: 

48.5 

46.0 

51.0 
47.4 

52.7 

49.7 

48.1 

45.7 

51.2 
47.4 

51.4 

49.9 

62.0 

46.9 

50.2 

48.9 

62.0 

50.7 

49.8 

46.7 

52.1 

49.2 

52.3 

50.1 

50.9 

47.9 

50.0 

49.2 

52.1 

50  9 

«{»?;.:: 

47.4 

42.8 

47.7 

45.4 

40.9 

49.1 

47.5 

42.0 

47.6 

45.7 

50.0 

49.6 

49.9 

46.7 

48.9 

45.1 

52.1 

51.2 

48.0 

44.3 

49.4 

48.5 

61.8 

50.4 

48.7 

46.9 

51.2 

50.0 

52.4 

51.9 

^{S!?;.:: 

47.8 

42.0 

46.9 

44.1 

48.6 

47.6 

48.5 

41.7 

47.2 

44.2 

49.1 

48.1 

46.4 

45.8 

47.9 

43.5 

50.6 

49.7 

48.0 

43.1 

48.1 

47.5 

60.2 

49.0 

48.2 

45.5 

50.1 
49.6 

52.2 

61.9 

»{S!?;.:: 

48.5 

42.7 

47.6 

45.1 

48.3 

47.9 

49.1 

42.3 

48.0 

45.3 

49,0 

48.7 

48.3 

44.2 

47.8 

47.0 

49.5 

49.1 

47.5 

44.1 

47.5 

47.1 

49.0 

48.6 

45.6 

45.1 

48.8 

48.3 

51.5 

51.0 

«{{i!?;.:: 

50.0 

44.8 

49.0 

45.8 

48.7 

47.6 

61.3 
44.1 

49.2 

45.5 

49.0 

48.0 

47.8 

44.4 

47.4 

46.7 

48.9 

48.2 

49.1 

44.8 

47.6 

46.8 

48.7 

47.9 

48.9 

44.1 

47.4 

46.8 

50.0 

40  7 

<wv  r  Max 

»{Min.::: 

51.1 
46.8 

50.1 

47.9 

49.8 

48.9 

51.5 

46.5 

50.1 

48.0 

50.0 

49.2 

48.7 

46.8 

48.8 

47.8 

40.4 

48.4 

49.9 

46.9 

46.8 

47.9 

49.4 

48.5 

47.1 

46.1 

47.7 

47.0 

40.8 

49.7 

3o{!!!?;.:: 

46.4 

45.2 

48.0 

46.7 

40.6 

48.9 

46.5 

44.4 

48.9 

46.5 

49.7 

48.9 

47.1 

45.9 

48.9 

48.0 

49.3 

40.1 

47.1 

45.9 

48.8 

48.1 

49.2 

49.0 

47.2 

46.5 

47.9 

47.7 

49.8 

49.3 

3^SSf;.:: 

41.9 

41.3 

44.0 

43.5 

47.8 

46  5 

41.3 

40.2 

44.0 

43.2 

48.1 

46.9 

43.3 

42  5 

47.2 

46  2 

49.0 

48.6 

43.1 

42  4 

47.3 

45  9 

48.9 

47.9 

44.9 

43.8 

47.8 

47.2 

49.5 

49.3 

Monthly 
rtna«  

4.25 

2.41 

0.88 

4.84 

2.45 

0.78 

2.20 

1.31 

0.62 

2.04 

0.91 

0.70 

1.20 

0.08 

0.58 
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TABLE  41.-DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NO- 
VEMBER, 1912. 


Date— 
Maiximum, 

Qrtvtl. 

Sand.          1  Lotm. 

City. 

P«t 

miQimum. 

6' 

12' 

18' 

6' 

12' 

18' 

12' 

18' 

12' 

18' 

6' 

12' 

18' 

.  (Max... 

*  1  Min. . . . 

36.9 

37.8 

A  1  1 
4 1.  f 

40.6 

AK  A 
40*4 

44.3 

ftft  1 

30.  f 

37.2 

49  ft 
42.0 

40.2 

4ft  1 
40.  1 

44.9 

4  1  A 
41.0 

39.4 

40.  1 

44.0 

47  A 
4/ .0 

47.1 

4A  9 

40. Z 

39.2 

44  A 
44.0 

43.8 

47  1 

4f  a  1 

46.0 

Z9  7 
4*.  # 

41.3 

4ft  A 

40. 0 

46.1 

49  6 

49^2 

^iMin.... 

S7.3 

36  4 

9W.Z 

38.7 

43.4 

42  8 

ftft  ft 

90.9 

36.0 

•A  1 

3v.  1 

38.9 

4ft  7 
43.  # 

43.1 

ftft  9 

30.  z 

37.7 

49  ft 

4Z.0 

42.1 

4A  1 
40.  1 

45.4 

ft7  ft 

3/ .0 

34.6 

49  R 
4Z.0 

41.9 

4R  1 
40.  1 

44.3 

ftA  0 

3v.O 

39  0 

AA  A 
44.0 

44.0 

4ft  ft 

40.0 

48.2 

.flltx... 

*\Min.... 

39.6 

37  0 

99.  V 

38.5 

A9  A 

44.4 

41.8 

ftft  A 

30.  V 

36.8 

4A  A 
4U.U 

38.8 

49  A 
4Z.  V 

42.5 

ftft  9 

37.0 

4 1  ft 

41.3 

40.5 

44  9 

44.Z 

43.6 

4A  9 
40. Z 

36.8 

41  ft 
41.0 

40.8 

4ft  9 
43.  Z 

42.9 

ft7  4 
3f  .4 

37.1 

49  A 
4**0 

41.4 

4ft  1 
40.  1 

45.4 

VMax... 

^IMin.... 

44.5 

40.5 

43.4 

41.3 

43.4 

43.2 

44  A 
44. • 

40.4 

4ft  ft 

43.0 

41.9 

4ft  A 
49. 0 

43.8 

49  1 

4Z.  1 

39.9 

41  A 
41.0 

41.8 

44  A 
44.0 

43.5 

4ft  1 

43.  1 

39.9 

49  1 

4Z.  1 

41.9 

4ft  ft 

49.0 

43.2 

ftft  A 

30. 0 

38.5 

41  4 
4  1 .4 

40.8 

4R  9 
40.  £ 

44.5 

-/MtX... 

^iMin.... 

48.  1 

46.6 

At  K 

47.0 

46.0 

46.8 

45.4 

4ft  R 

40. 0 

46.7 

4ft  7 
40.  f 

46.2 

47  1 

4f .  1 

45.9 

4ft  R 
40.0 

44.6 

4R  1 
40.  1 

43.9 

4R  ft 
40.3 

44.3 

47  9 

4f  .Z 

45.5 

4R  ft 
40.  0 

44.3 

4R  7 
40.  f 

44.4 

4ft  A 
43«0 

42.1 

49  t 

4Z.  1 

41.6 

44  ft 

44.0 

44  4 

-fMtx... 

'  iMin.... 

46  B 
40.9 

44.9 

48.7 

45.6 

At  A 

4r  .U 

47.0 

4ft  ft 

40.3 

44.8 

4ft  ft 
40.0 

45.7 

47  9 

4f  .Z 

47.1 

4R  7 
40.  f 

44.9 

4ft  1 
40.  1 

45.9 

4A  7 
40.  f 

45.7 

4ft  R 
40.0 

45.2 

4ft  ft 
40.3 

46.2 

4ft  ft 
40.0 

46.3 

44  4 
44.4 

44.3 

4ft  A 
43.0 

43.0 

4R  1 
40.  1 

44.6 

fMtx... 

^\Min.... 

44. 1 

41.7 

AA  9 
44.* 

43.0 

AH  A 

45  5 

4ft  ft 

43.0 

41.6 

44.  1 

43.0 

4ft  1 

40.  1 

45.5 

43.3 

42!  1 

46  2 

44:4 

Am  B 
40. 0 

46.0 

4ft  7 
43.  r 

42  1 

4R  ft 
40.3 

44  5 

AM  A 
40«4 

45.9 

Zft  ft 
43.U 

42.0 

AA  A 
44. U 

43.8 

4ft  9 

4V«* 

45.1 

"{SSf.-.:; 

A9  • 

4Z.O 

41.3 

A%  9 
43.  Z 

42.9 

AH  ft 
40.  a 

44.9 

49  0 

41.2 

*t  ft 
43.0 

43.1 

ZR  0 
49.  V 

45.4 

42  3 

41^9 

44  7 

44.  r 

44.1 

Zft  ft 

45.9 

49  ft 

4Z.0 

41.9 

44  A 
44.0 

'44.1 

4A  A 
40.0 

45.3 

A9  3 
4&*3 

41.9 

44  1 

44.  1 

43.9 

4ft  ft 

40. 0 

45.9 

"(S!?.;.: 

40.U 

43.3 

AH  • 
40. 3 

43.8 

Ati  « 

44.8 

4ft  ft 

40.0 

43.0 

4ft  4 
40.4 

43  9 

ZK  ft 
40. 0 

45.0 

46  2 

4218 

44.3 

43.9 

ZR  0 
40.  ■ 

44.9 

4ft  4 
40.4 

42.8 

44  9 
44.3 

43.9 

4R  ft 
40.0 

44.7 

Z9  ft 
4Z.O 

41.9 

4ft  A 

43.4 

42.9 

4ft  A 
40. 0 

45.2 

*2\Min.... 

R1  A 

01  .V 

48.6 

48.1 

%i  .V 

46.9 

III  1 
48  9 

49  8 
48.1 

48  1 
46^8 

48  9 
47^3 

47  2 

45:2 

ZA  Z 

45.9 

40  0 
47.0 

Z7  Z 

46.4 

AA  fi 
90. 0 

46.1 

ZA  7 

45.4 

44  R 
99. 0 

43.9 

ZK  0 

90.  V 

45  5 

i»  f  MtX. . . 

"iMin... 

01.3 

49.2 

fin  A 

50.0 

*0  ft 

49.0 

61.3 
48*7 

58.5 

49^9 

49.6 

49!o 

56  4 

49!9 

49  8 

48^5 

48  8 

47!  1 

61.9 

49^9 

4fl  ft 

4V..O 

48.8 

40  9 
40.4 

47.9 

zfl  1 
40. 1 

48.2 

47  f 

45!  3 

46  7 

46*2 

40.2 

AK  9 
40.* 

43.0 

40.* 

46.8 

42  6 

39:6 

45  9 

42:8 

41.8 

46^8 

46.9 

42^4 

47.9 

46!6 

48.4 

48^2 

44  ft 
44.3 

41.9 

47  ft 
4/ .0 

46.3 

4ft  R 

40. 0 

47.9 

ZA  3 
40.3 

44.2 

4ft  A 
40«0 

46.9 

4ft  ft 

40. 9 

46.5 

>».'{!l?.... 

90.4 

37.4 

AA  tt 
40.  V 

39.9 

4R  A 
40. IP 

44.2 

ftft  1 

30.  1 

37  0 

41  A 
41.0 

40.2 

4R  ft 
40.3 

44.6 

4A  1 
40.  1 

39.2 

44  7 
44.  / 

43.7 

47  9 

46.7 

ftA  4 
30.4 

38  7 

44  9 
44. z 

43  0 

4ft  R 

40.0 

45.3 

49  R 
4Z.0 

41.4 

4ft  4 

40.4 

45.4 

47  A 
4/ .0 

47  9 

1^  Max. . . 

90.8 

35.3 

37.9 

4ft  ft 

43.3 

42.3 

ftft  ft 

30.3 

35.1 

tA  ft 

3V.3 

38.3 

4ft  ft 

43.0 

42.7 

ftft  A 

30.0 

36.7 

49  R 
4Z.0 

41.4 

zK  a 

40.3 

44.4 

37  11 
3r.O 

36.4 

49  1 

4Z.  1 

40.8 

44.4 

43.2 

4A  A 

40.8 

38.7 

44  ft 
44.0 

43.2 

47  A 
47.0 

46  3 

'Max  .. . 

iMin.... 

39.7 

36  9 

39.9 

38.4 

A9  A 

41.8 

fto  1 

3V.  1 

36.2 

ftfl  0 

3V.V 

38  5 

49  R 
4Z.0 

42.1 

ftft  A 

30. U 

37.0 

4A  R 
40.0 

40.1 

4ft  A 
43.0 

42.8 

ftft  ft 

98.8 

37.1 

49.6 

40.1 

42.4 

42.2 

99  ft 

97.8 

37.5 

41.3 

40.9 

44  R 
44.0 

44  2 

jQ^Max... 

41.2 

•37.5 

41.9 

38.9 

44  A 

41.8 

4 1  9 
4 1  .z 

37.2 

4  1  A 
41.0 

38.9 

49  4 

4Z.4 

42.1 

ftA  A 

30.0 

37.4 

4A  ft 
40.0 

40.2 

49  ft 

4Z.0 

42.7 

39.9 

37.8 

468 
4o.O 

40.3 

42.3 

42.0 

37.9 

37.4 

4ft  ft 

48.8 

40.2 

44.8 

43  9 

Max... 

2".  Min.... 

41.4 

37.8 

39.7 

39.0 

49  ft 

4Z.3 

41.9 

41  R 
41.0 

37.3 

ftA  ft 
3V.0 

39.0 

49  R 
4Z.0 

42.3 

ftft  7 

30.  / 

37.9 

4A  A 
40.0 

40.8 

49  ft 

4Z.0 

41.7 

ftA  ft 

30.3 

37.9 

41.2 
40  9 

49  4 
42. 4 

42.3 

38.3 

38.1 

4A  R 
40.0 

40.3 

4ft  R 

43.9 

43  4 

f  Max.. 

Min  . . . 

42.3 

40.5 

41.7 

41.1 

49  ft 

42.0 

49  R 
4Z.0 

40  5 

4 1  a 
4  l.V 

41  4 

49  A 
4Z.V 

42  4 

4  1  A 
41.0 

39.9 

4  1  R 
41.0 

40.5 

49  ft 

4Z.0 

41.9 

41.6 

40.0 

42.6 

40.9 

49  ft 
4z.O 

41.6 

38.9 

38.4 

4ft  9 

48. Z 

39.3 

49  A 
4Z.O 

42  3 

-"iMin... 

39.9 

37  4 

49.4 

39.2 

49  R 
4Z.0 

42.2 

ftft  ft 

3V.0 

37  0 

4A  a 
40.0 

39  6 

49  ft 

4Z.0 

42  6 

ftA  4 
30.4 

38.4 

4  1  A 
41.0 

41.3 

4ft  A 

43.0 

42.8 

ftA  R 

30.0 

38.1 

4 1  ft 

41.0 

41.4 

49  ft 

4Z.0 

42.6 

39.4 

38.9 

46«8 

40.4 

49  A 
4Z.0 

42  7 

^  1  Max. . . 

23   Min  ... 

91.  i 

36  6 

oo.  / 

38.4 

41  ft 
ft  1.0 

41.4 

ft7  1 
3f  •  1 

36.4 

ftft  0 

30.  V 

38  8 

4*.U 

41.9 

37.8 

37!3 

4n  A 

4U.0 

40.4 

49  R 
4*.D 

42.5 

ft7  4 

3r  .4 

37.3 

4A  7 
40.  f 

40.3 

49  ft 

4Z.3 

42.1 

ftft  9 

30.* 

38.0 

4A  R 
40. 0 

40  5 

4ft  A 
43.0 

42  9 

25,'!!".:: 

35.9 

35.8 

37.5 

37.2 

49.3 

39.9 

35.5 

35.3 

,7.7 

37  4 

49.8 

40  7 

36.9 

35.9 

38.9 

41.8 

41  5 

38.2 

35  9 

39.8 

38  9 

41.1 

40.9 

38.7 

36  6 

38.9 

39.6 

42.8 

42.7 

'  Haw 

34.8 

34.6 

36.4 

36.2 

8-2 

39  0 

34.1 

39.8 

36.4 

39.9 

39  5 

36.6 

34.9 

38.1 

37.9 

49.7 

40  5 

35.9 

35.0 

38.9 

37.8 

39.9 

39.9 

36.7 

35  6 

38.7 

38.5 

42.9 

41.9 

f  Max 

34.9 

34.8 

36.3 

36.3 

39.8 

38.9 

34.8 

34.4 

36.4 

36.4 

39.6 

39.4 

34.9 

34.8 

37.9 

37.8 

46.4 

40.2 

36.6 

34.8 

37.9 

37.6 

39.8 

39.4 

36.6 

35.4 

38.6 

38.3 

41.7 

41  5 

OQ  ^  Max . . . 

29  (Min... 

36.5 

35  4 

36.8 

36.6 

39.5 

39.3 

35.9 

35  0 

38.9 

37.0 

49.9 

39  8 

35.4 

35.3 

38.2 

38.1 

41.8 

40.8 

36.8 

35  3 

38.1 

37.9 

39.9 

39.8 

36.9 

35.8 

38.8 

38.5 

42.9 

41  6 

^  \  Min  . . 

35.1 

34.6 

36.5 

36  2 

39.1 

38  4 

34.8 

34  2 

36.7 

36  2 

39.6 

39.2 

35.9 

34.6 

37.6 

37.3 

46.5 

39.8 

36.4 

34  7 

38.1 

37.4 

39.6 

39.0 

36.5 

34  8 

38.2 

37.6 

41.3 

40  8 

Monthly 
range  

1.85 

1.94 

9.66 

1.97 

1.13 

9.39 

9.62 

9.S9 

1.56 

.« 

9.59 

9.73 

9.63 

t.n 
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EXPERIMENT  STATION  BULLETIN. 


The  above  tables  (30-41)  with  their  reRpeotive  charts,  show  the  fol- 
lowing main  facts:  (1)  the  daily  temperature  of  all  the  soils  at  all 
three  depths  fluctuated  throughout  the  year,  but  in  different  decree 
during  the  different  months.  The  greatest  monthly  amplitude  occurred 
in  June  and  was  followed  in  order  by  May,  July,  August,  April,  Sep- 
tember, October,  November,  December,  January,  March  and  February; 
(2)  sand  showed  the  greatest  amplitude  for  the  6  and  12  inch  depths 
and  was  followed  in  order  by  gravel,  clay,  loam,  and  peat.  The  fluctua- 
tion at  the  18  inch  depth  was  about  the  same  for  all  the  different  soils 
with  a  slight  difference  in  favor  of  the  sand  and  gravel.  The  amplitude 
of  the  6  inch  depth  was  the  greatest  in  all  soils  and  was  followed  in 
order  by  the  12  and  18  inch  depths.  The  variation  between  the  6  and 
12  inch  and  the  6  and  18  inch  depths  were  very  much  greater  in  the 
lighter  soils  than  in  the  heavier  soils. 

The  small  soil  temperature  fluctuation  in  the  winter  is  very  interest- 
ing and  needs  special  attention.  Theoretically  speaking  we  should  ex- 
pect a  greater  fluctuation  in  the  winter  than  in  the  summer,  with  the 
same  variation  in  air  temperature,  because  the  specific  heat  of  the  soils 
in  summer  is  close  to  0.5,  while  in  the  winter  it  is  half  this  value, 
because  the  specific  heat  of  ice  is  about  half  of  that  of  water.  This 
smaller  amplitude  in  the  winter  may  be  attributed  to  the  following 
chief  causes:  (1)  in  the  winter  the  soil  is  heated  only  by  conduction 
while  in  the  summer  it  is  heated  by  conduction  and  also  by  absorption, 
hence,  the  temperature  is  raised  to  a  higher  degree  in  the  latter  case, 
and  the  gradient  is  higher;  (2)  the  latent  heat  of  ice  plays  an  import- 
ant part  in  keeping  the  magnitude  of  fluctuations  low;  and  (3)  when 
the  soil  is  covered  with  a  thick  layer  of  snow,  its  temperature  is  kept 
quite  steady  and  varies  but  slightly. 

SEASONAL  AND  YEARLY  AVERAGE  AND  RANGE  OP  TBMPESRATURE. 

On  the  preceding  pages  the  temperature  of  the  different  types  of  soil 
has  been  considered  from  the  standpoint  of  daily  and  monthly  averages 
and  ranges.  It  will  now  be  well  to  present  the  same  data  in  these 
forms,  by  season  and  year,  and  thus  see  what  the  relations  are  in  these 
longer  periods  of  time.   The  data  are  shown  herewith : 
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TABLE  42.-BEASONAL  AND  YEARLY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL. 


Seuon. 

Qrtwl. 

tend. 

Loam. 

Clay. 

Pwt 

12* 

18' 

6' 

12' 

16' 

6' 

12' 

16' 

6' 

12' 

18' 

6' 

12' 

16' 

Winter: 

Dec  

Jan  

Feb  

33.50 
26.24 
29.13 

34.83 
28.14 
29.90 

36.87 
30.93 
30.84 

33.29 
24.62 
28.20 

34.84 

28.27 
29.84 

37.16 
31.44 
30.88 

33.27 
26.60 
28.17 

35.41 
29.68 
29.43 

37.40 
32.10 
30.75 

33.56 
26.40 
28.41 

35.52 
29.27 
29.52 

36.96 
31.34 
30.39 

32.32 
25.58 
29.15 

34.35 
29.68 
29.31 

37.13 
32.94 
31.27 

Avt  

29.62 

39.66 

S2.M 

26.70 

36.66 

33.16 

29.86 

31.61 

33.42 

29.46 

31.44 

32.69 

29.92 

SI. II 

33.76 

r  

29.01 
41.81 
56.07 

30.43 
40.70 
54.41 

31.04 
39.27 
52.03 

30.13 
41.46 
56.11 

30.72 
40.04 
54.06 

31.42 
38.92 
52.0 

29.46 
39.16 
55.07 

30.13 
37.47 
53.02 

30.72 
36.58 
60.62 

29.87 
40.20 
56.00 

30.35 
38.44 
53.43 

30.83 
37.48 
51.96 

28.36 
34.04 
55.61 

30.02 
35.48 
52.00 

31.13 
31.59 
50.44 

Avt  

42.66 

41.16 

40.78 

42.67 

41.61 

49.76 

41.23 

49.21 

39.31 

42.92 

49.74 

49.69 

39.94 

39. 17 

37.72 

Summer: 

June  

July  

67.25 
72.56 
68.00 

65.33 
71.11 
87.18 

62.61 
69.16 
66.33 

66.52 
71.74 
67.85 

64.39 
70.20 
66.85 

62.08 
68.49 
66.07 

66.28 
72.40 
67.82 

63.88 
70.55 
67.00 

61.00 
67.86 
65.52 

66.51 
72.20 
68.01 

63.89 
70.15 
66.92 

62.24 
68.74 
66.23 

67.15 
73.30 
68.60 

64.24 
68.56 
67.22 

61.64 
68.70 
66.26 

Avt  

M.Z7 

•7.t7 

66.03 

68.70 

67. 15 

66.56 

66.63 

67.14 

64.79 

66.91 

69.69 

65.74 

69.66 

66.67 

65.53 

Autum: 

Sept  

Oct 
Nov 

65.40 
50.38 
40.44 

65.20 
51.03 
41.13 

66.33 
52.25 
43.32 

65.08 
50.16 
39.80 

64.88 
51.05 
41.32 

65.06 
52.37 
43.67 

65.76 
50.68 
40.00 

65.82 
51.48 
42.28 

65.08 
52.60 
44.12 

65.56 
50.48 
40.80 

65.56 
51.73 
42.29 

65.45 
52.61 
43.70 

66.37 
50.28 
40.00 

66.44 
51.77 
42.11 

66.06 
53.80 
44.68 

Avt  

52.17 

62.46 

63.63 

51.66 

62.42 

63.71 

52.16 

53. 19 

53.96 

52.26 

53.19 

63.25 

52.55 

53.44 

64.65 

YMriyAw.. 

48.S6 

46.20 

46.33 

47.91 

48.04 

49.36 

47.69 

46.01 

47.87 

46. 18 

46.99 

46.66 

47.66 

47.86 

47.97 
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TABLE  43.-f?E.\aONAL  AND  YEARLY  RANGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL. 


SeasoDl 

6  ravel. 

Sand. 

Clay. 

Peat 

ir 

0' 

12' 

10' 

1 

0' 

12* 

10' 

0' 

12* 

10' 

0' 

12' 

10* 

Winter:  • 
Dec  

Feb  ,   ,  , 

1.31 
0.94 
0.42 

0  92 
0  89 
0.37 

0  64 

0  92 
0.41 

1  09 

i!io 

0.63 

0  76 
0^95 
0.48 

0  60 
0.72 
0.46 

0  66 
0.70 
0.46 

0  62 
0.37 

0.75 
0.42 

0  09 
0.70 
0.47 

0  72 
0^52 
0.44 

0  64 

o!58 
0.32 

0  60 
0!76 
0.43 

0  61 
0!45 
0.30 

0  60 

o!4i 

0.36 

Ave  

O.M 

0.7S 

6.66 

0.04 

0.73 

0.50 

0.01 

0.50 

0.02 

0.02 

0.50 

0.61 

0.00 

0.40 

0.40 

SpriuK: 
March... 

M»y  

0.58 
4.93 

6.59 

0  53 
2^66 
3.18 

0  44 

0!96 
0.83 

0  57 
5^44 

7.78 

0  57 
2^59 
3.28 

0  51 
0^93 
0.47 

0  50 
2.47 
2.92 

0  57 
o!84 
0.78 

u.oo 
0.68 
0.52 

n  is 
3.25 
4.14 

U.  w 

1.23 
0.97 

0  84 

0!86 
0.59 

0  47 

o!76 
1.81 

0  46 

oiao 

0.98 

0  43 

0!l8 
0.62 

Ave  

4.03 

2. 12 

0.74 

4.50 

2. 15 

0.04 

1.00 

0.73 

0.50 

2.01 

0.00 

0.70 

I.OI 

0.01 

0.41 

Summer: 

June  

July 

Aug  

7.56 
6.17 
5.22 

3  32 
3.00 
2.63 

0  92 
1.04 
1.08 

8  43 

6!78 
6.59 

3  32 

3!oo 

2.95 

0  95 
l!03 
1.26 

3  09 
2^94 
2.56 

0  87 
1.07 
3.31 

0.63 
0.60 

4  56 
4^07 
3.47 

0  90 
l!l2 
1.12 

0  56 
o!78 
0.70 

1  62 
l!77 
1.34 

0  48 

0!67 
0.75 

0  44 

0  SO 

0.51 

Ave  

I.S2 

2.M 

I.OI 

7.27 

3.00 

1.00 

2.00 

1.75 

0.67 

4.03 

1.06 

0.00 

1.60 

0.03 

0.61 

Autumn: 

Sept  

Oct  

4  36 
4.25 
1.85 

1.71 
2.41 
1.04 

10.0 
0.96 
0.56 

5.56 
4.84 
1.97 

2.48 
2.45 
1.13 

0.97 
0.78 
0.30 

2.11 
2.20 
1.03 

0.96 
1.31 
0.62 

0.56 
0.52 
0.59 

3.23 
2.84 
1.50 

1.08 
0.91 
0.63 

0.71 
0.70 
0.59 

1.47 
1.20 
0.73 

0.64 
0.60 
0.53 

0.49 
0.56 
0.37 

Ave  

S.49 

1.72 

0.84 

4. 12 

2.02 

0.00 

1.70 

0.00 

0.56 

2.52 

0.07 

0.07 

LIS 

0.00 

0.47 

Yearly 
Range.... 

s.ee 

1.19 

0.01 

4.23 

2.00 

0.76 

I.OI 

0.00 

0.50 

2.46 

0.04 

0.00 

1.00 

0.01 

0.40 

The  chief  points  brought  out  in  the  above  tables  (42-43)  may  be  sum- 
marized thus:  (1)  the  highest  seasonal  average  temperature  occurred 
in  the  summer  followed  in  order  by  autumn,  spring,  and  winter;  (2) 
the  greatest  seasonal  amplitude  took  place  also  in  summer  with  autumn, 
spring,  and  winter  coming  next  in  order;  (3)  the  average  soil  tempera- 
ture of  the  autumnal  equinox  was  higher  than  that  of  the  spring;  (4) 
the  yearly  average  temperature  was  practically  the  same  for  all  soils 
at  all  three  depths;  and  (5)  the  yearly  range  was  noticeably  different: 
the  sand  shows  the  greatest  amplitude  and  is  followed  in  order  by 
gravel,  clay,  loam,  and  peat  respectively;  the  difference  between  the 
sand  and  peat  is  3.15  for  the  6  inch  depth. 
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COMPARISON  BBTW^EBN   MONTHLY  AVERAGE  AND  RANGE  OP  TEiMPERATI^RB  OP 

THE  AIR  AND  THE  SOILS. 

It  will  be  interesting  now  to  compare  the  temperature  of  the  air  and 
of  the  different  soils  as  to  their  average  and  range.  The  following 
tables  contain  these  data: 

TABLE  44.-CX)llPARIS0N  BETWEEN  THE  MONTHLY  AVERAGE  TEMPERATURES  OF  THE  AIR  AND  OF 

THE  DIFFERENT  TYPES  OF  SOIL. 


Soils. 

December,  1911. 

January,  1912. 

February. 

March. 

12' 

18' 

6* 

12* 

18' 

6' 

12' 

18' 

6'  12' 

18' 

Gravel  

Suid  

Loam  

Clay  

Peat  

33.50 
33.20 
33  27 
33.55 
32.32 

34  83 
34.84 

35  4! 

35.52 
34.35 

36.87 
37.16 
37  40 
36  98 
37.13 

26  24 
24.62 
26.60 
26.40 
25  58 

28.14 
28.27 
29  68 
29.27 
29.68 

30  93 
31.44 
32  10 
31.34 
32.94 

20.13 
28.20 
28  17 
28  41 
28.15 

20.90 
29.84 
29.43 
29.52 
29.31 

30.84 
30.88 
30.75 
30.39 
31.27 

29  91  ,  30  .43 
30.13  1  30.72 
29.46  30.13 
29.87  ,  30.35 
28.36  ,  30.02 

31.04 
31.42 
30.72 
30.83 
31.13 

Air  

33.36 

11.34 

17.03 

28.38 

Soils. 

April. 

May. 

June. 

July. 

6' 

12' 

18' 

6' 

12' 

18' 

6' 

12* 

18' 

6' 

12' 

18' 

Gravel  

Sand  

Loam  

Chy  

Peat  

41.81 
41.46 
39.16 
40.20 
34.04 

40.70 
40.04 
37.47 
38.44 
35.48 

39.27 
38.92 
36.58 
37.48 
31.50 

56.07 
56.11 
56.07 
56.00 
55  61 

54  41 

54.08 
53  02 
53.43 
52.00 

52  03 
52  00 
50.62 
51.96 
50  44 

67.26 
66.52 
66.28 
66.51 
67.15 

65.33 
M.30 
63.88 
63.89 
64.24 

62.61 
62.08 
61.00 
62.24 
61. M 

72.56 
71.74 
72.40 
72.20 
73.30 

71.11 
70.20 
70.55 
70.15 
68.56 

69.16 
68.49 
67.86 
68.74 
68  70 

Air  

50.22 

62.00 

70.78 

75.77 

SoU. 

August. 

September. 

October. 

November. 

6' 

12' 

18' 

6» 

12* 

18' 

6' 

12' 

18' 

6' 

12' 

18' 

Gravel  

Sand  

Loam  

Peat  

68.00 
67.85 
67.82 
68.01 
66.60 

67.18 
66  85 
67.00 
66.92 
67.22 

66.33 
66.07 
65.52 
66.23 
66  26 

65.40 
65  08 
65.76 
65.56 
66.37 

65.20 
64.88 
66.82 
65.66 
66.44 

65.33 
65.08 
65.08 
65.45 
66.06 

50.38 
50.16 
60.68 
50.48 
50.28 

51.05 
51.05 
51.48 
51.73 
61.77 

52.25 
62.37 
52.60 
52.61 
53.80 

40.44 

39.80 
40.00 
40.80 
40.00 

41.13 
41.32 
42.28 
42.20 
42.11 

43.32 
43.67 
44.12 
43  70 
44.68 

Air  

72  34 

68.90 

54.55 

41.71 

13 
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TABLE  46.  -  COMPARISON  BETWEEN  THE  MONTHLY  RANGE  OF  TEMPERATURE  OF  THE  AIR  AND  OF  THE 

DIFFIRENT  TYPES  OF  SOIL. 


Soils. 

December,  1911. 

January,  1912. 

February. 

Mareh. 

12' 

18* 

6» 

12' 

18' 

6* 

12' 

18* 

6* 

12' 

18' 

Sand  

Clay  

Peat  

1.31 
1.09 
0.66 
0.69 
0.60 

0.92 
0.75 
0.62 
0.72 
0.61 

0.64 
0.60 
0.60 
0.64 
0.60 

0.94 
1.10 
0.70 
0.70 
0.76 

0.89 
0.95 
0.60 
0.62 
0  46 

0.93 
0.72 
0.75 

0.42 
0.63 
0.46 
0.47 
0.43 

0.37 
0.48 
0.37 
0.44 

0.39 

0.41 
0.46 
0.42 
0.32 
0.36 

0.58 
0.67 
0.60 
0.43 
0.47 

0.63 
0.87 
0.57 
0.43 
0.46 

0  44 

0.51 
•  0.68 
0  84 
0  43 

Air  

16.77 

16.68 

21.58 

30.40 

Soils. 

AprU. 

May. 

June. 

July. 

6* 

12' 

18' 

6* 

12' 

18' 

6' 

12' 

18' 

6' 

12' 

18* 

Gravel  

Sand  

Loam  

Clay  

Peat  

4.93 
5.44 
2.47 
3.25 
0.76 

2.66 
2.50 
0.84 
1.23 
0.39 

0.96 
0.93 
0.68 
0.85 
0.18 

6.69 
7.76 
2.92 
4.14 
1.81 

3.18 
3.28 
0.78 
0.97 
0.98 

0.83 
0.47 
0.62 
0.60 
0.62 

7.66 
8.43 
3.09 
4.66 
1.62 

3.32 
3.32 
0.87 
0.90 
0.48 

0.92 
0.96 
0.47 
0.56 
0.44 

6.17 
6.78 
2.94 
4.07 
1.77 

3.00 
3.00 
1.07 
1.12 
0.67 

1.04 
1.03 
0.63 
0.78 
0.60 

Air  

31.12 

32.48 

41.06 

36.98 

Soilfl. 

August. 

September. 

October. 

November. 

6' 

12» 

18' 

6' 

12' 

18' 

6' 

12' 

18* 

6' 

12' 

18' 

Gravel  

Sand  

Loam  

Clay  

Peat  

5.22 
6.50 
2.56 
3.42 
1.34 

2.63 
2.95 
3.31 
1.12 
0.75 

1.08 
1.26 
0.60 
0.70 
0.51 

4.36 
5.56 
2.11 
3.24 
1.47 

1.71 
2.48 
0.96 
1.08 
0.64 

1.00 
0.97 
0.56 
0.71 
0.49 

4.25 
4.84 
2.20 
2.84 
1.20 

2.41 
2.46 
1.31 
0.91 
0.60 

0.06 
0.78 
0.62 
0.70 
0.56 

1.85 
1.97 
1.03 
1.60 
0.73 

1.04 
1.13 
0.62 
0.63 
0.53 

0.66 
0.30 

o.ae 

0.50 
0.37 

Air  

34.18 

36.45 

31.87 

19.91 

From  table  45  it  is  seen  that  during  the  winter  months  and  up  to 
March  the  air  temperature  was  below  that  of  the  soil  temperature  of 
all  three  depths,  during  the  remainder  of  the  year  the  reverse  wBs 
true.  The  greatest  difference  between  the  air  and  soil  temperature  oc- 
curred in  January  and  the  least  in  December  and  March.  For  the  re- 
maining months  the  difference  lies  between  these  extremes. 

Table  46  shows  that  the  greatest  amplitude  of  the  air  temperature 
occurred  in  June  and  was  followed  in  order  by  July,  September,  August, 
May,  October,  April,  March,  February,  Decembar  and  January,  while 
in  the  case  of  the  soil  the  highest  amplitude  took  place  also  in  June 
witli  May,  July,  August,  April,  September,  October,  November,  Decem- 
ber, January,  March,  and  February  came  in  order.  It  is  noticed  that 
the  order  in  both  casefs  was  not  exactly  the  same  yet  almost  alike.  The 
range  of  the  air  tempeniture  was  far  greater  than  that  of  the  soils 
and  is,  of  course,  above  it  throughout  all  the  months. 
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EFFECT  OF  ORGANIC  MATTER  ON  THE  TEMPERATURE  OF 

SOILS. 

OBJECT  AND  MBTHOD  OF  EXPERIMENTATION. 

Organic  matter  possesses  two  physical  properties  which  have  a  re- 
markable influence  upon  the  soil  temperature.  These  are  color  and 
water  holding  capacity.  The  soils  with  the  larget?t  amount  of  organic 
matter  will  have  the  darkest  color.  Dark  or  black  colored  soils,  possess- 
ing the  highest  absorbing  capacity  for  heat,  would  tend  to  be  much 
warmer  than  the  light  colored  or  white  soils,  which  have  less  heat  ab- 
sorbing pow^r.  On  the  other  hand,  the  soils  wiih  the  greatest  organic 
content  carry  also  the  largest  amount  of  water,  and  water  possessing 
such  great  specific  heat  and  other  properties,  would  tend  to  keep  the 
temperature  of  these  soils  low.  It  waa  in  order  to  ascertain  to  what 
extent  these  two  physical  properties  of  the  organic  matter  would  op- 
pose each  other,  that  the  following  experiment  was  undertaken.  It 
consisted  of  studying  the  daily  temperature  of  a  sandy  soil  which  con- 
tained organic  matter  in  the  proportions  of  1.81,  2.01,  3.32,  5.47,  6.95% 
and  100%  peat.  It  was  prepared  by  excavating  a  trench  over  3  feet 
deep  and  3  feet  wide,  placed  in  it  wooden  boxes  3x3x3  feet  without 
bottom  or  top  and  filled  them  with  a  sandy  soil.  The  soil  of  the  upper 
21  inches  w^as  then  taken  from  each  box,  added  to  it  the  proper  amount 
of  organic  matter  (peat),  thoroughly  mixed,  and  then  placed  back  into 
the  box.  The  percentages  of  organic  matter  shown  above  represent  the 
percentage  amounts  found  by  the  ignition  method,  after  the  respective 
proportions  of  peat  were  added.  To  the  soil  showing  1.81%  organic 
matter  no  peat  was  added. .  This  is,  therefore,  the  original  organic  con- 
tent of  the  soil  as  determined  by  the  above  method.  These  various 
amounts  of  organic  matter  imparted  to  the  soil  different  shades  of 
color,  ranging  from  very  light  to  very  dark.  The  soil  with  the  1.81% 
organic  matter  was  covered  with  a  very  thin  layer  of  very  white  quartz 
sand,  thus  giving  to  it  a  very  white  color. 

The  experiment  was  prepared  and  was  ready  for  the  intended  study 
by  October,  1911,  but  because  of  an  accident  to  the  thermometers,  the 
temperature  records  were  not  commenced  till  the  middle  of  February, 
1912. 

The  temperatures  were  taken  by  the  electrical  resistance  thermom- 
eters already  described,  at  two  different  depths,  5  and  18  inches,  daily 
throughoat  the  year,  except  on  Sundavs,  three  times  a  dav  at,  7  A.  M., 
12  M.,  and  6  P.  M. 

The  tables  to  follow  show  the  daily,  monthly,  seasonal,  and  yearly 
maximum,  minimum  and  average  temperatures,  for  all  the  soils  at  both 
depths.  All  the  tables  with  few  exceptions  are  accompanied  by  dia- 
grams to  show  their  salient  facts  graphically.  On  the  daily  tempera- 
ture chart*«  pre  also  plotted  the  meteorological  data  in  order  to  show 
more  readily  any  influence  that  they  might  have  on  the  soil  temi)erature. 
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DAILY  AND  MONTHLY  AVERAGE  TEMPERATURE. 

TABLE  46.— EFFECT  OF  ORGANIC  MATTER  ON  THE  TEMPERATURE  OF  SOILS.   DAILY  ANXRAGE,  MARCH. 

1912. 


PMt. 

e.96% 

5.47% 

3.32% 

2.81% 

1.81% 

Org.  Matter. 

Org.  Matter. 

Orf.  Matter. 

Org.  Matter. 

Org.  Matter. 

Date. 

-. 

5' 

10* 

6' 

18' 

.- 
18' 

y 

18* 

18' 

_  - 
5' 

18' 

I 

31.95 

32.2 

32.1 

32.15 

32.2 

32.35 

32.15 

32.45 

32.1 

32.2 



31  80 



32.05 

2 

31.66 

32.3 

31.9 

32.1 

31.93 

32.1 

32.03 

32.63 

32.03 

32.36 

31.5 

31.9 

4 

31.16 

32.3' 

32.1 

32.1 

23.13 

32.1 

32.1 

32.3 

31.1 

32.2 

30.16 

31  7 

5 

30.4 

32. 

31.95 

31.95 

30.7 

31.85 

31.05 

32.0 

29.85 

32  1 

29.5 

31  55 

6 

29.43 

32.03 

30.4 

31.66 

29.66 

31.76 

29.73 

31.83 

28.93 

31.7 

29.16 

31  0 

7 

29.13 

32.06 

30.3 

31.9 

29.7 

32.66 

29.8 

32.66 

28.8 

31.5 

28.26 

30  73 

8 

29.3 

32.13 

30.36 

31.73 

30.06 

32.0 

30.23 

32.2 

29.93 

31.53 

29.0 

30  9 

g 

29.66 

31.93 

30.9 

31.96 

30.46 

31.76 

30.26 

32.06 

29.33 

32.0 

29.1 

30.76 

11 

29.96 

32.06 

30.6 

32.03 

30.26 

31.7 

30.23 

32.1 

30.06 

31.43 

29.16 

31.3 

12 

30.0 

31.9 

31.03 

31.83 

30.3 

31.56 

30.2 

31.83 

29.96 

30.90 

29  03 

30  73 

13 

30.33 

31.8 

30.76 

31.66 

30.46 

31.73 

30.66 

31.33 

30.3 

31.73 

29.46 

30  93 

14 

29.46 

31.2 

29.83 

31.0 

29.7 

30.96 

29.8 

31.23 

29.6 

30.8 

28.63 

30.3 

15 

29.5 

31.4 

30.4 

31.5 

30.1 

31.4 

30.1 

31.6 

30.2 

31.7 

30.1 

31.8 

16 

30.13 

31.1 

30.3 

31.43 

30.4 

31.23 

30.43 

31.5 

30.3 

31.3 

29.96 

31.03 

18 

29.9 

31.23 

30.93 

31.46 

31.1 

31.33 

31.1 

31.83 

31.3 

31.83 

30.53 

31  06 

10 

30.8 

31.33 

31.13 

31.43 

31. 1« 

31.3 

31.16 

31.66 

31.16 

31.76 

30.6 

31.13 

20 

26.3 

27.26 

26.53 

27.06 

26.96 

27.56 

27.16 

27.66 

27.1 

27.90 

26.63 

27  2 

21 

28.1 

29.96 

29.9 

30.43 

29.96 

30.63 

30.4 

30.73 

30.36 

30.63 

29.6 

30.26 

22  . 

29.73 

29.96 

29.86 

30.26 

30.13 

30.36 

30.13 

30.73 

30.66 

30.16 

29.86 

30  73 

23  ., 

28.66 

31.0 

30.73 

30.6 

31.06 

31.33 

31.16 

31.56 

31.4 

31.76 

30.73 

31  43 

25 

30.3 

31.06 

30.76 

31.4 

31.4 

31.63 

32.15 

31.5 

31.16 

31.5 

30.9 

31.26 

26  .. 

30.93 

31.36 

31.03 

31.5 

31.8 

31.6 

31.3 

32. 

31.93 

31.63 

30.95 

31.06 

27 

30.66 

31.7 

31.6 

31.73 

31.0 

32.06 

31.73 

32.03 

31.83 

31.93 

31.1 

31.66 

28  .  , 

30.93 

31.4 

31  63 

31.5 

31.9 

31.83 

31.32 

32.2 

31.5 

31.86 

31.03 

31.66 

29  . 

31.56 

32.06 

31.6 

31.73 

31.86 

31.6 

31.33 

32.03 

31.93 

31.7 

31.13 

31.4 

30  .. 

31.5 

31.96 

30.6 

31.23 

30.56 

31.6 

34.23 

31.93 

31.56 

31.46 

31.33 

31.3 

Monthly  av«rtg«  

30.06 

31.42 

30.72 

SLS6 

S0.06 

31.48 

30.84 

31.88 

S8.66 

31.44 

28.97 

31.88 
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TABLE  47.-EFFECT  OF  ORGANIC  MATrfiR  ON  THE  TEMPERATURE  OF  SOILS.   DAILY  AVERAGE  APRIL. 

1912. 


Peat. 

e.95% 

5.47% 

8.82% 

2.61% 

1.61% 

Orf.  Matter. 

Org.  Matter. 

Org.  Matter. 

Org.  Matter. 

Org.i 

Hatter. 

Dkte. 

6* 

II' 

B' 

18' 

18' 

5' 

18' 

y 

16' 

6' 

16' 

31  86 

31 .8 

32.2 

31.56 

32  23 

32.06 

32.03 

32  03 

32  13 

32.23 

31.66 

31.7 

0 

31  56 

31.7 

31.53 

31.5 

31.56 

31  5 

31.56 

31.63 

31.33 

31.56 

30.8 

31  03 

31  2 

31.53 

31  33 

31.3 

31.53 

31.5 

31.4 

31.43 

31.23 

31.36 

31.6 

30.86 

A 

31.13 

31.23 

31.0 

31.06 

31.53 

31.06 

33.76 

31.33 

34.7 

31.43 

30.73 

30  33 

e 

31.46 

31.8 

33.93 

31.8 

36.86 

31.8 

40.16 

32.0 

40.8 

31.63 

40.13 

31.16 

31  26 

31.73 

38  7 

31.43 

41  50 

31.76 

45.1 

31.86 

44.63 

31.73 

42.26 

31  26 

7 

31.36 

31.56 

33.86 

31.36 

35.16 

31.56 

35.0 

31.7 

35.16 

31  6 

34.13 

31  06 

g 

31  43 

31.56 

34.5 

31.5 

35  83 

31.56 

37.26 

31.73 

37.4 

31.66 

35.36 

31  16 

Q 

31.4 

31.76 

39  7 

31.63 

41.9 

31.6 

44.03 

31.96 

43.3 

31.76 

42.1 

31.7 

31.23 

31.56 

41.03 

31.53 

43.46 

31.5 

43  30 

31.4 

43.23 

32.36 

40.7 

33.1 

32  53 

31.53 

42  43 

31  53 

45  86 

31.53 

48  63 

34.93 

47.16 

34.56 

46.03 

35.96 

34  2 

31  6 

43  03 

31.6 

45  96 

32.9 

47.76 

38  26 

47.0 

38  1 

45.23 

38  3 

34.7 

31.43 

42.0 

31.4 

45.26 

38  2 

46.8 

39  33 

46  2 

39  06 

44.26 

38.96 

38.96 

31.5 

49  96 

40  7 

50.76 

42  7 

50.66 

41.66 

47.1 

41.6 

40.13 

41  16 

16   

38.8 

31  93 

47.96 

42.56 

49.03 

43.7 

49.56 

43.6 

48.86 

43.16 

46.56 

42.7 

35.96 

31  56 

44.3 

42  9 

44.6 

43  13 

44  26 

43.26 

43.7 

42.56 

41.8 

41  66 

35  3 

31.86 

40  6 

41.83 

40.9 

41.73 

40.33 

41.36 

40  06 

40.23 

38.6 

39.5 

35  03 

31.76 

41  63 

40  23 

42.4 

40  16 

43.1 

40.36 

42.3 

39.26 

39.96 

38  33 

37  66 

31.6 

41.03 

39.46 

44.85 

40  46 

47.4 

43  46 

45.43 

389 

45.0 

38.76 

41  4 

31.9 

47.9 

44  43 

47.83 

44  96 

47.1 

45  1 

46.9 

45.03 

45  5 

44.86 

36  53 

31.9 

45  1 

43.2 

45.36 

42.93 

46.33 

42.96 

45.53 

42.16 

43.56 

41  36 

24   

41  6 

31.83 

51.0 

43  83 

51.83 

44.03 

53.1 

44.2 

52.2 

44.3 

49.86 

44  0 

25  

39.3 

31.6 

48.66 

44  46 

49.36 

44  53 

51.33 

44.8 

50  3 

44.7 

47.76 

43  4 

26  

43  43 

31  86 

52  5 

45  5 

53  2 

46  26 

55  16 

46.66 

54.8 

46  8 

53  33 

46  23 

27   

41  33 

31.86 

52  4 

472 

50  06 

47  5 

53.43 

47.86 

53.00 

48  03 

50  53 

47  33 

2J  

37  43 

31.96 

43  4 

44  6 

43  4 

44  5 

43.16 

44.16 

43  06 

43.86 

41  66 

42.7 

30   

37  13 

31  66 

48  2 

43  33 

49  2 

43.33 

51.4 

43  4 

50.6 

43.2 

47.7 

42  2 

Monthly  average  

35.38 

31.68 

41.84 

S7.&S 

43.00 

38. 12 

44.19 

87.41 

48.64 

88.27 

42.64 

87.82 
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TABLE  48.-EFFECT  OF  ORGANIC  MATTER  ON  THE  TEMPERATURE  OF  SOII^.    DAILY  AVERAGE.  MAY, 

1912. 


PMt. 

1.96% 

5.47% 

8.32% 

2.61% 

1.61% 

Org.  Matter. 

Org.  Matter. 

Org.  Matter. 

Org.  Matter. 

Org.  Matter. 

Dftte. 

B' 

ir 

6" 

16' 

6' 

16' 

B' 

16' 

5' 

16' 

5' 

16' 

1   

39.7 

31.73 

47.00 

45.4 

47.16 

45.56 

47.5 

45.56 

47.3 

45  43 

45.43 

44.6 

2  

41.13 

31.96 

53.13 

45.53 

53.93 

45.6 

55.6 

45.73 

54  4 

46.0 

52.3 

45  5 

3  ... 

44.93 

31.96 

57.53 

47.83 

58.2 

48.3 

69.93 

48.7 

59.2 

48.9 

56.06 

48.5 

4 

47.26 

32.23 

59.9 

49.83 

60.13 

50.1 

61.46 

50.63 

60.4 

50.76 

57.3 

50  5 

6 

51.46 

35.86 

62.93 

52.23 

63.1 

52.26 

64.73 

52.7 

63.56 

52.86 

60.83 

52.46 

7 

55.23 

39  03 

64.86 

54.46 

65.03 

54.76 

65.86 

55.3 

64.66 

55.43 

61.26 

54.8 

8 

55.13 

42.96 

59.96 

54.56 

60.00 

54.36 

60.63 

54.46 

59. .3 

54.43 

57.53 

53.53 

9 

54.7 

49.56 

59.53 

54  0 

59.76 

53.63 

60.3 

63.73 

59.13 

53.53 

55  9 

52.5 

10 

55.5 

50.9 

62.13 

53.73 

62.9 

53.8 

63.7 

53.0 

62.76 

53.63 

58.76 

52.76 

11 

57.16 

51.73 

58.8 

55.0 

59.0 

55.13 

58.86 

55.23 

58.43 

55.13 

56.63 

54  43 

13 

49.66 

52.7 

47.9 

49.63 

50.06 

49.03 

50.76 

48.96 

50.66 

48  4 

48.23 

47.33 

14 

51.4 

51.8 

54  53 

50  3 

55.43 

49.93 

56  3 

50  36 

55.46 

50.16 

51.96 

48  66 

15 

49.96 

51.83 

48.86 

50.76 

48.83 

50.33 

48  73 

50  63 

48.26 

49.63 

46.4 

48.36 

16 

49.63 

51.1 

49  36 

49.53 

49.46 

49.2 

49  26 

49.1 

48.96 

48.86 

47.56 

48.03 

17 

49.96 

50.56 

53  56 

48.88 

54.16 

48.73 

55  4 

48.93 

55.0 

48  73 

52.73 

48  08 

18 

50.6 

50.0 

51.26 

50.1 

52.1 

49.2 

53.1 

49.5 

52.9 

50.0 

50.75 

47.9 

W 

52  86 

50.6 

55  13 

51.6 

55.56 

51.53 

55.66 

51.56 

55.5 

51.26 

53.9 

50  53 

21 

55.5 

51.16 

58.9 

52  3 

59.36 

52  23 

58  96 

52.7 

50.43 

52.66 

58.06 

52  5 

22 

59.53 

52.63 

65  3 

54.5 

67.0 

54  73 

69.56 

55.5 

69.53 

55.83 

66.83 

55  83 

23   

62.93 

52.53 

70.93 

57  1 

72.36 

57.86 

74.06 

58.73 

73.2 

50.33 

70.0 

59.36 

24                   ..  . 

65.0 

54.9 

69.93 

60.1 

69.66 

60.43 

60.56 

60.86 

70.6 

60.9 

68.43 

61  03 

26  

63  63 

56.96 

70.26 

59  66 

71.0 

59  4 

71.73 

59.93 

70.83 

60.2 

66.66 

50.3 

27  

66.63 

59.43 

69.1 

62  43 

60.33 

62  3 

68.93 

62  6 

69  6 

62  56 

67  46 

61.63 

28  

66.26 

59.96 

65.7 

61.86 

66.4 

61.66 

66.46 

61.86 

66.36 

62.06 

65  26 

61  86 

29  

63.33 

61.13 

59  66 

60.66 

58.9 

60.06 

58.43 

60.26 

58  43 

59  93 

5^9 

59.13 

30  

60.83 

60  1 

65  16 

57.73 

06.53 

57  43 

68  6 

57  83 

67.16 

57.86 

63.83 

56  8 

31   

63.5 

59  33 

09.96 

59.76 

70  9 

50  76 

72.13 

60  2 

70.76 

60  03 

66.53 

50.1 

Monthly  av«rao« 

54.93 

49.64 

59.66 

53.68 

60.22 

&S.66 

66.61 

&S.90 

66.45 

&S.66 

57.66 

66.16 
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TABLE  49.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOILS.    DAILY  AVERAGE  JUNE,  1912. 


8.96% 

5.47% 

8.82% 

2.81% 

1.81% 

Pott 

Org.  Mattm". 

Org.  Matter. 

Org.  Matter. 

Org.  Matter. 

Org.  Matter. 

Date. 

5' 

It' 

18' 

5' 

18' 

6' 

18* 

6* 

18* 

6* 

18- 

1  

66.46 

60.16 

71.96* 

62.23 

73.33 

62.16 

73.86 

62.56 

73.63 

62.4 

69.30 

61.46 

3  

64.96 

61.0 

60.43 

61.56 

70.23 

61.13 

71.36 

61.33 

70.6 

6^13 

68.4 

60  5 

4  

65.56 

61.4 

66.96 

62.43 

66.66 

62.0 

67.26 

02.2 

67.3 

62.06 

65.1 

61.36 

5  

62.9 

61.6 

64.66 

61.0 

64.63 

60.33 

66.3 

60.66 

65.8 

60.36 

62.9 

50.4 

6  

64.9 

61.23 

69.66 

61.76 

18.76 

61.33 

70.66 

62.1 

69.63 

61.03 

66.66 

61.16 

7  

63.63 

61.3 

66.73 

61.73 

66.9 

61.36 

67.1 

61.43 

65.46 

60.0 

61.96 

50.53 

8  

62.8 

61.26 

65.96 

61.5 

66.3 

61.16 

66.56 

61.03 

65.46 

60.36 

61.63 

50.0 

10  

65.36 

61.83 

69.73 

62.76 

70.13 

62.53 

70.23 

62.6 

69.06 

62.03 

65.53 

60  83 

11  

64.93 

61.3 

69.93 

63.16 

70.6 

62.8 

70.86 

62.83 

70.16 

62.4 

67.36 

61.3 

12  

67.30 

61.9 

72.23 

64.06 

72.26 

64.03 

72.3 

64.2 

70.93 

64.0 

69.23 

63.73 

13  

66.53 

62.4 

70.6 

64.26 

70.83 

63.53 

70.86 

63.83 

70.1 

63.6 

67.26 

62.86 

14  

65.96 

63.0 

65.2 

64.36 

64.83. 

63.96 

64.06 

63.0 

63.46 

63.26 

61.93 

62.56 

15  

66.0 

62.76 

60.86 

62.66 

70.46 

62.55 

71.43 

02.83 

70.7 

62.76 

68.96 

62.5 

17  

67.46 

63.4 

70.93 

64.36 

71.16 

64.33 

71.83 

64.63 

71.03 

64.4 

68.53 

63.83 

18  

65.76 

63.26 

67.93 

64.03 

68.53 

63.8 

68.5 

63  83 

67.46 

63.4 

64.5 

62.36 

19  

66.13 

63.13 

70.40 

64.16 

70.66 

63.76 

70.9 

63.06 

70.16 

63.8 

67.23 

62.73 

20  

65.96 

63.06 

69.53 

63.86 

60.83 

63.76 

70.23 

63.93 

69.63 

63.66 

66.93 

62.8 

21  

66.6 

63  23 

70.26 

64.4 

70.36 

64.2 

70.23 

64.43 

69.33 

64.16 

66.36 

63.3 

22  

66.96 

63.43 

71.73 

64.73 

72.03 

64.63 

72.36 

64.73 

71.23 

64.30 

68.3 

63.43 

24  

69.33 

64.2 

73.46 

66  66 

72.33 

66.63 

72.2 

66.76 

71.5 

66.53 

60.36 

65.83 

25  

69.66 

64.93 

74  96 

66.8 

75.26 

66.66 

75.56 

66.9 

75.06 

67.16 

76.03 

66.33 

CO  

70.86 

65.13 

75.5 

67.8 

75.4 

67.73 

75.6 

68.13 

75.06 

67.96 

73.13 

67.56 

27  

70.7 

65  83 

74.2 

67.83 

74.23 

67.7 

74.3 

68.06 

73.63 

67.76 

72.03 

67.43 

2S  

70.96 

65.93 

75.1 

67.56 

75.0 

67.53 

75.06 

67.8 

74.0 

66.7 

73.93 

67.4 

23  

71.76 

65.53 

75.8 

67.63 

76.1 

67.63 

69.96 

67.9 

75.16 

66.63 

77.03 

66.6 

Monthly  average  

84.12 

62.68 

70.51 

88.78 

78.70 

83.88 

70.78 

84.18 

70.24 

8S.00 

87.08 

8S.02 
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TABLE  fiO.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATIIRE  OF  SOILS.   DAILY  AV'ERAGE.  JULY.  1912. 


Date. 

Peat. 

e.95% 

Org.  Matter. 

6.47% 
Org.  Matter. 

3.82% 
Org.  Matter. 

2.81% 
Org.  Matter. 

1.01% 
Org.  Mitler. 

5' 

ir 

B' 

II' 

6' 

18' 

6' 

10* 

6' 

IV 

6' 

18' 

1 

70.63 

67.1 

73  63 

68.4 

73.66 

68  13 

73.96 

68  23 

73.23 

68  0 

71.2 

67.33 

2 

71.33 

66.8 

75.4 

68  2 

75.33 

68.13 

75.36 

68  26 

75.2 

68.3 

73.5 

68  0 

3 

73.5 

67.4 

77.73 

69  5 

77.46 

69.43 

77.4 

69.7 

77.2 

60  8 

75^ 

60.83 

4 

73.73 

67.23 

78.13 

69.46 

77.96 

69.4 

78.13 

69.7 

77.96 

69  8 

76.36 

69.7 

5 

75.66 

68  36 

78.96 

70.9 

78.76 

71.0 

78  73 

71  23 

78.7 

71  53 

77.4 

71  66 

g 

76  3 

69.7 

79.73 

71.93 

79.13 

71.86 

78.9 

72.26 

78.7 

72.36 

77.3 

72  5 

g 

76  0 

70.73 

79.03 

71.26 

79.06 

71.16 

79.53 

71.6 

79.3 

71.66 

77  43 

71  6 

9 

77.0 

70.53 

81.26 

71.83 

81.3 

71  8 

82  33 

72.33 

82.26 

72  66 

80  23 

72  56 

10 

78.03 

71.36 

80.63 

73.56 

80.03 

73  56 

79.8 

74.1 

79  03 

73  43 

77.5 

73.56 

\l 

78.13 

72.36 

82.23 

73.96 

81.63 

73.76 

81.5 

74.13 

81.2 

74.23 

79.3 

74.0 

12 

77.2 

72.73 

79.73 

74.1 

79.26 

73.73 

78.86 

73.9 

78.7 

73.76 

76  86 

73  2 

13 

75.5 

73.06 

75.23 

73  7 

74.86 

73.43 

74.26* 

73.10 

74.13 

73.26 

73.0 

72  8 

15 

78.1 

72  33 

80  16 

72.96 

80.2 

73  03 

81.16 

74.06 

80  86 

74  23 

78.96 

74  I 

16 

74.2 

72.43 

74.63 

71.73 

74.86 

71.33 

75.7 

71.63 

75.1 

71.4 

72  0 

70  4 

17 

75  83 

71.83 

79.46 

71.83 

80.1 

71.9 

80  93 

72.5 

80.26 

72.4 

76.93 

71.26 

18 

73  9 

71.86 

71.76 

72  5 

71.2 

72.26 

70  06 

72.36 

69.6 

72  06 

68.23 

70.9 

19 

68  66 

70.83 

68.13 

68.13 

68.33 

67.43 

68  63 

67.2 

67.7 

66  5 

65.20 

65.06 

20 

68  23 

69.7 

65.26 

87.4 

64.96 

60.7 

64.16 

66.83 

63.86 

66.36 

62.53 

65.13 

22 

67  2 

66.93 

70.06 

64.96 

71.00 

64  86 

72  33 

65.2 

71.7 

65.16 

70.26 

64  7 

23 

68.56 

66.53 

69.73 

67.54 

70.16 

66.66 

71.0 

67.2 

70.46 

67.13 

68.76 

66  63 

24 

70.46 

67.2 

73.93 

67.23 

74.36 

67.43 

75  36 

68.06 

74.9 

68.16 

73.56 

67  06 

25  

73.16 

67.66 

76.73 

69.13 

77.03 

69.4 

78.23 

70.03 

78  1 

70  23 

76.53 

70.23 

26  

70.63 

68.46 

72.43 

69.33 

71.76 

69.16 

71.93 

69  53 

71.36 

69.3 

60.63 

68.76 

27  

69.4 

67.46 

74.7 

68.06 

74.3 

67.8 

74.73 

68  2 

73.73 

68.16 

73  7 

66  8 

29  

09.23 

68.23 

70.1 

68.53 

70.03 

68.23 

70.23 

68.33 

70.43 

68.3 

68.83 

67.06 

30   

68.5 

68.1 

67.3 

67.4 

67  23 

66  93 

67.66 

67.16 

66.83 

67.2 

66.5 

67  4 

31  

67.13 

67.7 

67.26 

66.46 

66.96 

65.76 

87.33 

65.83 

67.66 

65.7 

60  36 

64  86 

Monthly  average . . 

72.81 

60.41 

74.03 

60.89 

74.85 

80.77 

75.28 

70.11 

74.55 

70.03 

72.08 

00.68 
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TABLE  51.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOILS.  DAILY  AVERAGE,  AUGUST.  1912. 


PMt 

8.86% 

6.47% 

8.82% 

2.81% 

l.f 

Org.  Matter. 

Org.  Matter. 

Org.  Matter. 

Org.  Matter. 

Org.  Matter. 

Date. 

B' 

18* 

6» 

18' 

18* 

5' 

18' 

6' 

18* 

6' 

18' 

1  

66.13 

66.8 



67.23 



65.33 

66.43 

64.76 

67.86 

65.13 

68.06 

65.3 

66.23 

64.53 

2  

66.03 

66.13 

66.9 

65  43 

63  43 

64.86 

65.03 

65.26 

63.36 

65.13 

63.6 

64  43 

3  

63.2 

65.56 

62.23 

63.63 

61.4 

62.9 

61.4 

62.9 

61  4 

62.56 

59  93 

61.73 

5   

66.6 

64.13 

70  03 

64.56 

70.16 

64.2 

70.86 

64.6 

70.0 

64.43 

67.13 

63.13 

6  

67.16 

64.5 

71.3 

65.76 

71  63 

65.83 

72.0 

66.13 

71.33 

66.03 

68.6 

65  13 

7  

68.6 

64.96 

75  53 

67.1 

72.4 

67.13 

72.46 

67  46 

71.9 

67.26 

69.76 

66.53 

8   

69.56 

65.4 

73.13 

67.36 

73.63 

67.4 

73  73 

67.66 

73.06 

67.33 

71.3 

66.9 

9  

70  23 

65  66 

71  73 

67.76 

71.86 

67  3 

71  96 

67.96 

71.76 

68.06 

70.56 

67.63 

10  

60.0 

66.56 

69  86 

67.0 

70  0 

66.86 

69.93 

66  96 

60.83 

66.8 

68.73 

66.5 

12  

68  6 

65.93 

70.86 

65  53 

71  0 

65  63 

72  53 

65  96 

72  46 

66.06 

71.23 

660 

13  

71  5 

66  0 

75  36 

67  23 

75  76 

67  33 

77  60 

68.36 

77.56 

68.83 

76.10 

09.06 

14  

72  53 

66  8 

76  5 

68.96 

72.96 

60.0 

77  8 

09.83 

77.23 

70.23 

74.86 

70  1 

15  

70.8 

67.5 

72  16 

60.1 

71.8 

68.93 

71.7 

09.3 

70.83 

69.16 

68.7 

68.56 

16  

69.4 

67.53 

71.96 

68.15 

72.26 

67  66 

72  46 

67.83 

71.13 

67.70 

68.43 

66  3 

17  

68.8 

67.3 

68.93 

67.9 

68.8 

67  46 

68.7 

67.56 

68.13 

67.13 

66.56 

65.96 

19  

70.83 

67.06 

71.46 

68  6 

71.43 

68.6 

70  83 

68.96 

70.6 

68.8 

69.66 

68.43 

£0  

70.56 

67.2 

72.56 

67.8 

73  1 

67.8 

73.93 

68.1 

73.86 

68.1 

72.6 

67.83 

21  

71.1 

67.86 

72  5 

68.5 

73  23 

68.23 

74  3 

68  96 

74.23 

69.16 

72.73 

68.86 

22  

70  33 

68.43 

70  16 

68  7 

70.7 

68.76 

71.76 

60.4 

71.56 

60.36 

09.73 

68.8 

23  

67.23 

67  86 

66  73 

66  96 

66.8 

66  4 

67.16 

67.2 

66.9 

66  86 

61.7 

65.86 

24   

65.76 

66  9 

72.56 

65.26 

70.4 

65.13 

68.13 

65  6 

70.93 

65.23 

68.23 

64.4 

26  

73  9 

66.83 

78  9 

70.63 

78  93 

70  93 

78.63 

71  43 

78  43 

71  83 

76.63 

71.73 

27   

71.63 

68.86 

73.83 

70.83 

73.43 

70.73 

72.93 

70.7 

72.0 

70.36 

09.56 

60.65 

28  

68  0 

68  2 

65  06 

68.1 

64  86 

68.2 

64  Oft 

67.86 

63  93 

67.2 

61.9 

66  06 

29  

66  3 

67.46 

05.96 

65.9 

66  13 

65  63 

69  5 

65  56 

65.96 

65  06 

64.7. 

64  23 

30   

63.26 

65.53 

60  8 

63  53 

60  5 

63.06 

60.73 

63.8 

60.83 

62.5 

60.2 

61  83 

31   

65.23 

64.53 

70  6 

62.56 

71  63 

62.73 

72.96 

63.43 

72.43 

63.6 

71.23 

63.30 

Monthly  tvertg«  

68.66 

88.66 

78.82 

88.88 

78. 15 

88.78 

78.77 

87. 18 

78.38 

87.84 

88.82 

88.48 
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TABLE  52.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOILS.  DAILY  AVERAGE,  SEPTEMBER, 

1912. 


Pett. 

8.86% 

5.47% 

8.82% 

2.81% 

1.81% 

Orv.  Matter. 

Org.  Matter. 

Org. 

Matter. 

Org. 

Matter. 

Off.  Matter. 

Date. 

8' 

18* 

8' 

I8» 

8* 

18' 

6' 

18' 

8' 

18* 

6' 

18' 

2 

73.17 

66.03 

78.60 

69.43 

79.43 

69.90 

80.03 

70.53 

79.37 

70.83 

77.23 

70.97 

3  ., 

73.70 

66.90 

77.50 

70.20 

77.83 

70.53 

77.80 

70.87 

76.87 

71  00 

75.00 

70.80 

4 

73.70 

68.77 

75.70 

71.13 

75.87 

71.17 

75.67 

71.27 

75  07 

71  23 

73.43 

70.77 

fi 

73  97 

69.33 

77.00 

71.00 

77.57 

71.17 

77.67 

71.57 

77.03 

71.43 

74.97 

71.10 

6 

73.87 

69.60 

77.37 

71.03 

77.97 

71.10 

78.40 

71.53 

77.87 

71.47 

76.80 

71.27 

7  , 

74.37 

70.00 

77.93 

71.70 

78.50 

71.83 

78.30 

71.83 

77.57 

72.00 

76.27 

72.07 

9 

73.67 

69.57 

78.43 

71.33 

79.30 

71.77 

79.53 

72.03 

78.00 

71.93 

76.43 

71.50 

10 

74.33 

70.27 

78.63 

72.57 

79.27 

73.10 

79.33 

72.90 

78.67 

73.07 

76.10 

72  53 

11  . 

73  00 

70.93 

73.70 

72.83 

73.53 

72.77 

72.47 

73.00 

72.77 

72.63 

71.80 

72.03 

12 

68.63 

70.47 

66.77 

68.97 

67.20 

68.67 

67.30 

68.60 

67.57 

68.40 

66.70 

67.33 

13 

67.17 

69.37 

66.83 

67.27 

67.60 

67.17 

68.57 

67.37 

69.07 

67.50 

67.23 

60  63 

14 

67.00 

67.90 

66.87 

66.50 

67.20 

66.50 

67.67 

67.07 

67.60 

67.03 

66.50 

66  37 

16  . 

65.80 

66.83 

65.27 

65.47 

65.63 

65.33 

65.30 

65.33 

65.10 

65.03 

63.07 

64  33 

17 

63.93 

66.40 

61.27 

64.83 

61.03 

64.53 

60.63 

64.47 

60.77 

64.17 

50.07 

63  40 

18  ., 

63.73 

65.37 

64.23 

63.53 

64.53 

63.53 

64.70 

63.63 

64.53 

63.53 

63.67 

62.90 

19 

61.33 

64.90 

58.13 

62.97 

58.03 

62.83 

58.17 

62.60 

58.27 

62.27 

57.23 

61.00 

20 

50.90 

63.47 

59.97 

61.13 

60.07 

60. n 

60.77 

60.97 

60.37 

60.67 

50.27 

57.90 

21 

61.50 

62.87 

62.83 

61.57 

63.47 

61.63 

64.60 

62.10 

64.83 

61.90 

63.70 

61  53 

23 

59.60 

62.73 

60.00 

61.00 

60.70 

60.83 

61.17 

61.07 

61.00 

60.77 

50.50 

59.87 

24 

59.30 

61.43 

50.53 

60.47 

60.23 

59.93 

60.87 

60.17 

60.50 

60:03 

50.43 

59  27 

25 

61.43 

61.23 

63.90 

60.77 

64.90 

60.97 

66.03 

61.50 

65.43 

61.40 

65  70 

61.00 

26 

61.30 

61.70 

59.23 

62.03 

58.70 

61.93 

59.03 

62.33 

59.90 

62.40 

58.90 

61.80 

27 

55.03 

62.07 

53.57 

58  53 

53.73 

58.33 

54.33 

68.37 

53.80 

57.83 

52.27 

56  13 

28 

54.10 

60.06 

51.46 

57.30 

51.03 

57.03 

50  36 

56.96 

50.46 

56  93 

49.73 

55  40 

30 

51.53 

57.46 

50.36 

54.66 

50.36 

54  33 

50.56 

53.83 

51.03 

53.26 

40.96 

53  23 

Monthly  tvorto*  

66.80 

88.81 

88.81 

86.63 

88.88 

88.50 

87.15 

88.88  1 

88.88 

88.57 

88.88 

•4.88 
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TABLE  63.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOIIiS.    DAILY  AVERAGE.  OCTOBER, 

1912. 


PMt. 

6.9§% 

5.47% 

3.32% 

2.li% 

1.81% 

Org.  Matter. 

Off.  Mtttor. 

Orf.l 

ittter. 

Ora.1 

Nattor. 

Orf.1 

Mtttor. 

Dftte. 

0 

■ft' 

10 

R' 
0 

i» 

0 

6' 

18' 

18' 

6» 

18' 

1  

Kt  on 

R7  OA 

Of  .<eo 

RQ  7A 
Oo.  / 0 

Rl  in 
04. 4U 

Rl  9n 
04. /U 

Rl  99 
04.^ 

54.56 

54.30 

54.43 

54.00 

53.23 

63.03 

2  

Kl  7A 
01 .  /O 

RA  99 

Ri.  1A 
*n.  10 

Rl  OA 
04. VO 

Rl  7A 
04.  /D 

Rl  R9 
04.00 

55.33 

54.90 

55.36 

54.60 

54.03 

53.43 

3  

RA  99 

R9  AA 

RR  an 

00. OU 

R9  7A 
OZ.  /O 

RR  9n 

00.4SU 

53.06 

55.30 

53.00 

54.96 

52.13 

54  13 

RR  7 
00.  f 

RR  OR 
00.  VO 

RR  in 
00. 4U 

RR  OR 
00. VO 

RR  9R 

00.  Al 

55.95 

55.85 

55.00 

55.80 

54.65 

65  20 

5  

Of  .DO 

RR  fiA 
00. oO 

R7  RA 
Of  .00 

RA  99 
00.  AS 

RQ  n9 
05. UO 

RA  on 
00.  AF 

56.03 

56.13 

58.40 

55.90 

57.46 

65.83 

7  

Kfi  9A 

RA  99 
00.^ 

An  n9 
OU.UO 

58.73 

RO  AA 
09.00 

RB  on 
Oo.VU 

59.50 

59.40 

59.60 

69.43 

58.60 

59.06 

8  

K9  BA 
0«.oO 

RA  AA 
OO.DU 

Rl  n9 
01  .uo 

R7  ns 

0/  .VO 

Rn  nn 

OU.UO 

R7  1A 
0/  .  10 

49.46 

55.63 

49.50 

54.96 

48.33 

57.10 

9  

01  .OA 

RR  Ai\ 
00.  W 

R9  9A 
0^.00 

Rl  nn 

04. UU 

R9  7A 
02.  /O 

R9  7n 
Oo.  /U 

33.00 

53.73 

52  56 

53.26 

51.63 

52.46 

10  

K4  AO 

RR  An 
00. OU 

Rl  n7 

04. Uf 

RR  17 
00.1  / 

Rl  n7 

04  .U/ 

RR  n7 
OO.U/ 

54.10 

55  07 

53  90 

54.78 

53.10 

54.27 

11  

KK  i.7 
00. 4f 

RR  R9 
00. Oo 

R7  nn 
0/  .UU 

RR  19 
00. lO 

R7  in 
0/  .lU 

RR  9n 
OO.M 

57.30 

55.57 

57.07 

55.30 

55.90 

56.07 

12  

RA  M 
00. OO 

RR  A9 
00.00 

RR  9n 
00.^ 

RA  77  . 
00.  / / 

Rl  RA 
04. OU 

RA  R7 
00.0/ 

53  63 

56.63 

53.63 

56.43 

53.03 

56.90 

14  

w.oo 

KA  7R 
04.  f  0 

Rn  in 
0U.4U 

Rl  fiR 
01. oO 

Rl  7R 
01 .10 

Rl  AR 
01 .00 

52.35 

51.7 

52.35 

51.25 

51.85 

50.60 

15  

AA  Tn 
vs.tu 

R9  on 

Ifl  A9 
40.00 

Rl  ft7 
01 .0/ 

Ifl  19 
W.40 

Rl  in 
01 .  lU 

48.93 

51.50 

48.83 

51.00 

47.87 

40.97 

i6  

40.0/ 

R9  nn 

AH  (L9 
40. Oo 

Itfl  An 
OU.OU 

17  99 
4/  .M 

Rn  on 
ou.^ 

47.40 

50.10 

47.23 

40.87 

45.70 

48.57 

17  

AT  1A 
%l  .lU 

R9  17 
OZ.lf 

AQ  B7 

OU.OO 

Rl  9n 
01  .oU 

Rn  R9 

ou.oo 

51.33 

50.70 

50.87 

50.30 

40.37 

40.13 

18  

Rn  AT 

Rl  Rn 
01. OU 

Rl  17 
04.4/ 

R9  n7 
OiC.U/ 

RR  on 
00. M 

R9  17 

56.60 

52.57 

55.67 

52.50 

54.67 

^  52.17 

19  

OU.ut 

Rl  fin 

01  .OU 

Ifl  S9 

Rl  An 
01.  OU 

10  97 

Rl  07 
01  .V/ 

48.n 

62.27 

48.73 

52.07 

48.30 

51.60 

21  

Ifi  B7 
90. Of 

K9  An 
o^.ou 

Rl  11 
01 . 11 

Rl  9n 

01  .OU 

Rl  7n 
01 .  /U 

Rl  n\ 

01  .UU 

52.10 

51.13 

51.57 

50.67 

60.73 

40.72 

22  

RO  S9 
02.00 

Rl  77 
01 .  f  f 

R9  n7 
OO.U/ 

Rl  09 
04.  Vo 

RR  in 
00.  lU 

R9  9n 
Oo. dU 

54.77 

54.00 

54.83 

53.47 

54.37 

53.37 

23  

48.17 

51.37 

45.10 

50.90 

44.13 

50.20 

43.10 

60.00 

43.40 

49.47 

43.20 

48.67 

24  

45.83 

52.43 

44.10 

49.83 

43.70 

49.13 

43.03 

48.73 

43.00 

48.03 

42.60 

46.77 

26  

45.40 

51.47 

44.70 

48.60 

44,77 

47.60 

45.13 

47.53 

45.33 

47.07 

44.60 

46.03 

26  

45.27 

50.77 

40.13 

48.40 

46.00 

48.10 

46  10 

ifi  A3 
40. IM 

lA  nsi 

40. UO 

17  79 
4/  .  /O 

IR  19 
40.  lO 

lit  B9 

40.aa 

28  

45.63 

49.37 

48.27 

48.47 

48.10 

48  23 

48.77 

48.20 

49.10 

47.9(r 

47.53 

46.97 

29  

47.80 

49.57 

50.17 

49.83 

50.57 

49.73 

51.23 

50.07 

51.30 

40.93 

60.30 

40.40 

30   

47.10 

40.47 

44.43 

49.40 

44.10 

49.23 

43.37 

49.20 

43.50 

48.67 

42.73 

48.07 

31  

43.37 

49.50 

39.30 

47.60 

39.17 

47.00 

38.40 

46.77 

38.27 

45.67 

37.40 

44.03 

Monthly  tveno*  

B0.2f 

53.87 

50.70 

52.63 

Bo.n 

52.34 

50.11 

62.41 

50.65 

52.04 

4t.t8 

5I.S7 
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TABLE  64.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOIL.  DAILY  AVERAGE,  NOVEMBER, 

1912. 


Pett 

6.95% 

6.47% 

3.82% 

2.01% 

1.01% 

Org.  Matter. 

Org.  Mtttw. 

Org.  Matter. 

Org.  Matter. 

Off. 

Matter. 

D&te. 

9 

ID 

9 

10" 

9 

10 

0 

10 

9 

10 

5* 

10' 

1  . 

4U.  ID 

'  ASl  fiA 

9A  A9 
00.40 

AC  n9 
40. UO 

IK  B9 

44.26 

9C  n9 
00. UO 

A9  7A 
40.  f  0 

IK  in 
00.  lU 

A9  1A 
40. 10 



34.60 

41.60 

2 

«30.oU 

AT  9A 

9K  Ai\ 

60. W 

42.86 

34.90 

AO  A9 
4]fi.4o 

9A  nn 
04. UU 

42. 10 

99  OA 
OO.VO 

AI  09 
41  .AO 

33.23 

39.60 

4 

AA  79 

97  ort 
07. W 

42.36 

38.00 

42.03 

37 .90 

AI  OA 
41  .oO 

38.26 

AI  09 
41  .AO 

37.56 

39.96 

5 

40.10 

M.Jo 

43.73 

43.70 

44.30 

43.76 

AK  on 

A9  on 

40.VU 

AA  on 

44. VU 

A9  An 
40. OU 

44  23 

42.96 

6  .. 

40. SO 

M.tJU 

Afi  fin 

AA  RA 
40.00 

AO  on 

AA  on 

40. Ml 

AO  n9 
4V.U0 

A7  in 
4f  .4U 

AD  1A 
4V.  10 

A7  9A 
4f  .00 

48.60 

47.16 

7  , 

AK  ?A 

AK  i.9 

AH  79 
40.  (0 

A7  AA 
4/  .40 

AK  AO 
40. OU 

A7  AA 
4/  .40 

AA  K1 
44.00 

A7  7n 
4/  .  fU 

AA  AK 
44.40 

A7  Ai\ 
4/  .4U 

43.46 

46.97 

8 

4^  .00 

AA  nA 
40. UO 

AO  on 

AK  09 
40.90 

AO  1A 
4A.  10 

AK  A9 
40.40 

AO  n9 
4J.U0 

AR  on 

40. ZU 

AO  nA 
4A.U0 

AA  7A 
44.  f  0 

41.10 

43.83 

9 

i.4  An 

AA  9A 
40.^ 

A1  09 

41  .yo 

AK  Itfl 
40. OU 

A1  OA 
41  .VO 

AK  9A 
40.00 

AI  09 
41  VO 

AK  on 

40. 

AI  fin 
41  .oU 

AA  on 

44  .VU 

40  90 

43.96 

10  . 

At 

AK  99 
40.  OO 

AA  OA 
40. VO 

AK  99 
40.00 

A7  9A 
4/  .00 

AK  KA 
40.00 

Afi  AA 
40.40 

AK  An 
40. OU 

Afi  19 
45.10 

AK  in 
40. 4U 

47.36 

44.53 

12  . 

48.63 

AK  OA 
40.  VD 

K1  9n 
01. oU 

AS  K1 
45. Oo 

R1  KA 
01  .00 

48.40 

Ko  on 

Afi  fiA 

KO  nn 
O/.UU 

Afi  fin 
45. 5U 

51.30 

48  70 

13  . 

50.33 

A7  AA 
4/  .00 

Kn  R9 
OU.OO 

sn  09 

50.06 

50.53 

AO  9A 
4V.00 

50.83 

AO  Ai\ 
4V.4U 

KA  7n 
OU./U 

48.70 

50.46 

14  .. 

43.90 

9fi  7A 
09.  lO 

AT  99 
4f  .00 

38. 10 

46.93 

36.96 

AA  KA 
40.00 

37.06 

AA  1A 
40. 10 

36.23 

44.60 

15  . 

40.46 

A7  on 
4f  .VU 

36.86 

44.50 

36.20 

44.03 

9R  RA 
Od.OO 

A9  7n 
40.  fU 

9R  iM 
00. UU 

AO  on 

33.73 

41.40 

16... 

3S.20 

46.26 

9A  fin 

42.73 

9A  in 

42.10 

33.20 

AI  09 
41  .OO 

33.00 

40.93 

31.63 

30.26 

17  . 

97  AQ 
Of  .Oo 

A9  lUt 
4O.0U 

97  An 
Of  .OU 

At  OA 
41.  yo 

97  AA 
0/  .00 

Ai  fin 

41  .oU 

9A  on 

00. VU 

AI  AO 
41  .OU 

97  <M 
0/  .M 

AA  OA 
4U.VU 

36.20 

39.63 

19  . 

9fi  19 

oo.lo 

A9  4A 
40.  AO 

90  AA 
0V.40 

AO  OA 
4A.U0 

90  79 
OV.  f  0 

A1  fiA 
41  .oO 

90  fiA 
OV  .oO 

AO  n9 
4J.U0 

90  7A 
OV.  f  0 

AI  KA 
41  .OU 

39.06 

40.53 

20  . 

38.60 

43.06 

39.13 

42.36 

39.43 

42.26 

40.13 

42.10 

39.90 

41.63 

38.76 

40.66 

21 

40.00 

42.23 

42.23 

42.66 

43.06 

42.53 

43.76 

42.93 

43.86 

42.60 

43.26 

42.26 

22 

39.13 

42.90 

37.80 

42.93 

37.86 

42.76 

38.30 

42.43 

38.13 

41.70 

37.40 

40.26 

25  , 

36.87 

42.50 

34.73 

40.50 

34!57 

40.30 

33.73 

39.57 

33.67 

38.83 

32.70 

37  67 

26 

36.03 

41.73 

34.07 

39.43 

34.07 

39.27 

33.27 

38.97 

33.00 

38.20 

82.00 

37.17 

27  , 

35.70 

41.33 

34.20 

39.07 

34.10 

39.03 

33.80 

38.63 

33.17 

38.07 

32.20 

38.80 

29 

36  00 

41.65 

34.75 

39.50 

34.55 

39.15 

34.00 

39.05 

33.80 

38.40 

32.95 

37.30 

30 

35.47 

40.90. 

34.17 

38.97 

33.77 

38.77 

33.17 

38.53 

33.07 

38.00 

32.03 

36.73 

Monthly  ivtrtge  

40.45 

44.67 

39.97 

43.63 

39.92 

43.46 

39.68 

43.34 

30.56 

42.00 

30.72 

41.00 
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TABLE  55.-EFFECT  OF  ORGAMC  MATTER  ON  TEMPERATURE  OF  SOILS.    DAILY  AX'ERAGE,  DECEMBER, 

1912. 


8.86% 

5.47% 

3.82% 

2.81% 

Pett 

Or«.  Matter. 

Org.  Matter. 

Off.  Matter. 

Off.  Matter. 

Of|.l 

Date. 

6' 

It* 

18' 

18' 

6' 

18' 

5' 

... 

18' 

6' 



II' 



39.70 

40.20 

43.53 

41.27 

43.80 

41.67 

47.00 

42.43 

47.07 

42.40 

43  00 

42  » 

3  

38.00 

40.87 

36.57 

41.60 

36.27 

41.20 

35.30 

40.90 

35.23 

40.20 

34  23 

38  97 

36.93 

40.63 

38.40 

40.00 

38.53 

39.83 

38.40 

39.90 

38.30 

39.60 

37  47 

38  77 

5  

37.13 

40.47 

38.83 

40.07 

39.37 

40.00 

30.80 

39.93 

38.63 

39.47 

38.70 

38  57 

6  

40.80 

40.97 

40.03 

42.27 

39.53 

42.47 

38.37 

42.70 

38.27 

42.50 

37  53 

41  K7 

7  

37.23 

41.13 

35.13 

40.40 

34.60 

40.07 

33.60 

39.77 

33.53 

39.10 

32.60 

37» 

9  

34.87 

40.43 

33.10 

38  37 

32.70 

38.10 

31.47 

37.83 

31 .20 

37.07 

30  00 

35  70 

10  

34.13 

30.63 

32.43 

37.50 

31.90 

37.17 

31.33 

37.03 

31 .13 

36. 33 

30  27 

35.10 

33.87 

39.20 

32.53 

37.37 

32.10 

37.03 

31.27 

37.00 

31.17 

36.23 

30  20 

35  07 

12  

33.37 

38.63 

30.97 

36.87 

29.17 

36.43 

27.00 

36.23 

26.53 

35.37 

^00 

33  90 

13  

32.70 

38.03 

30.10 

36.03 

29.37 

35.63 

28.47 

35.30 

28.50 

34.53 

27.37 

33  17 

14  

32.37 

37.40 

30.13 

35.57 

29.50 

35.30 

28  83 

34.93 

28  83 

34.30 

27.87 

32  77 

16  

32  10 

36.73 

31  33 

35.10 

31.40 

34.90 

31.37 

34.93 

31.23 

34.33 

30  80 

33  17 

17  

32.37 

36. 83 

31.57 

35.40 

31.77 

35.10 

31.87 

35.20 

32.23 

34.90 

32.50 

33  87 

18  

33.03 

37.33 

32.30 

36.10 

32  50 

35.83 

32.50 

35. 93 

33.23 

35.77 

32.47 

34  97 

19  

33.10 

37.20 

32  33 

36.07 

32.57 

36  00 

32.97 

36.27 

32.97 

35.87 

32  00 

35  00 

20  

33.00 

37.10 

32.27 

35.93 

32  40 

35.80 

32.70 

36.03 

32.53 

35.57 

31  37 

34  67 

21  

33.07 

37.00 

32  57 

35.97 

32  80 

36,00 

32  80 

36.23 

32.73 

35.77 

31.60 

34  70 

23  

32.40 

36  33 

31.80 

35.43 

31  £0 

35  37 

31  27 

35.43 

30  63 

35.00 

29.53 

33  67 

24  

32  00 

35  93 

31  23 

35  07 

31  23 

34  97 

31  10 

34  93 

30.87 

34  43 

29  97 

33  20 

26  

32.43 

36.30 

31.37 

35  33 

31.13 

35  20 

30  87 

35  17 

30.53 

34.83 

£a.oo 

33  47 

27 

32  80 

36  63 

32.23 

35  83 

32.37 

35.67 

32.23 

35.73 

32.17 

36.17 

31  23 

34  20 

28  

32.  £0 

36.20 

31.35 

35  45 

30  85 

35.35 

30.50 

35.35 

20.65 

34.55 

28.30 

33.55 

30  

32.80 

36.23 

31.03 

35  43 

32.17 

35.27 

32  20 

35.20 

32.03 

34.83 

31  20 

33  67 

31  

31.90 

35.80 

31.60 

34  83 

31.73 

34.70 

31.60 

34.77 

31.53 

34.40 

30  83 

33  27 

Monthly  tvaragt  

34.18 

38. 13 



SS.43 

— 

37.17 

SS.25 

37.88 

32.98 

37.88 

32.87 

88.58 

31.81 

35.42 
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TABLE  56.- EFFECT  OF  ORGANIC  MATTER  ON  ROIL  TEMPERATURE.   DAILY  AVTOAOE,  JANUARY.  1913, 


Pett. 

-6.96% 

6.47% 

3.32% 

2.01% 

1.81% 

of  Pett. 

of  Pett. 

of  Pett. 

of  Pett. 

of  Pett. 

Date. 



6' 

W 

y 

 ^ 

18* 

6' 

18' 

6' 

5' 

If 

5» 

lo- 

I 

31.77 

35.63 

31.50 

34.77 

31.60 

34.70 

31.43 

34.80 

31.30 

- 

34.13 

30.57 

ss. 20 

2 

31.80 

35.53 

31.43 

34.80 

31.70 

34.80 

31.40 

34.80 

31.47 

34.20 

30.73 

33  27 

3 

32.33 

35.90 

31.97 

35.20 

32.13 

35  17 

32.10 

35.23 

32.00 

34.77 

31.03 

33.77 

4 

32.37 

35.90 

32.03 

35.10 

31.97 

35  07 

31.90 

35.17 

31.73 

34.83 

31.10 

33  80 

31.70 

35.67 

31.47 

34.77 

31.47 

34.57 

31.53 

34.53 

31.43 

33  73 

30.60 

32  87 

7 

32.67 

36.33 

32.07 

35  37 

32.00 

35.37 

31.80 

35.33 

31.83 

34.90 

30.80 

33.90 

g 

32.80 

36.40 

32.60 

35  70 

32.30 

35  30 

32.30 

35.30 

32.10 

34  90 

31.10 

34.00 

g 

31.85 

35.30 

31.35 

34.55 

31.15 

34  50 

31.05 

34.60 

31.00 

34.10 

29.90 

33  15 

10 

32.17 

35.83 

31.70 

34.97 

31.47 

34.83 

31.33 

34.80 

31.30 

34.30 

30.30 

33  40 

Ij 

32.07 

35  67 

31.93 

34.80 

32.03 

34.60 

32.03 

34.68 

31.77 

34.23 

31.07 

33  23 

13 

32.40 

35.80 

32  40 

35.00 

32.37 

35.03 

32.43 

34.90 

32.30 

34.80 

29.50 

33  73 

]4 

32  23 

35.83 

32.37 

35.00 

32.07 

34.97 

32.20 

35.03 

31.90 

34.60 

30.17 

33  37 

15 

32.17 

35.80 

32.47 

35.03 

32.10 

35.00 

32  23 

35  03 

31.93 

34.57 

30.80 

33  43 

16 

32.27 

35.77 

32.33 

35.13 

32.33 

35.00 

32.23 

34.83 

32.17 

33.90 

31.57 

33  33 

17 

32.23 

35  73 

32  30 

35.27 

32.37 

34.87 

32  30 

34.80 

32.43 

34.23 

32.23 

33  53 

18 

32.17 

35.67 

32.37 

35.10 

32.43 

34.77 

32.33 

34.77 

32.30 

34.17 

31  90 

33  80 

20 

32.70 

35.90 

32  73 

35.47 

32.70 

35.10 

32.63 

35.07 

32  57 

34  93 

32  23 

34.17 

21 

32.73 

36.10 

32.93 

35.50 

32.93 

35.43 

33.13 

35.53 

32.93 

35.13 

32.43 

34  63 

22 

32.70 

35.83 

32.93 

35.20 

32.87 

35.33 

33.17 

35.57 

32.87 

35.10 

32  00 

34  27 

23 

32.83 

35.90 

32.90 

35.27  , 

32.90 

35.37 

33.10 

35.63 

32.93 

35.10 

31.97 

34.23 

24 

32.63 

35.67 

32.87 

35.30 

33  07 

35.33 

33.03 

35.47 

32.83 

35.07 

31.97 

34  27 

25  

32.53 

35  70 

32.83 

35.07 

33.10 

35.30 

32.90 

35.30 

32.27 

35.00 

30.87 

33  93 

27  

32.43 

35.47 

32  77 

35.00 

32.97 

35.13 

32.10 

35.13 

31.17 

34.87 

30.40 

33.93 

28  

31. go 

35  37 

30.93 

35.00 

31.40 

35  00 

28.30 

34.93 

27.93 

34.37 

27.37 

33.40 

30.67 

35.33 

28  17 

34  87 

28.60 

34.73 

25.90 

34.50 

25.07 

33.87 

24.60 

82.93 

30  

31.10 

35.07 

30.50 

34.10 

30.67 

34.17 

30.17 

33.97 

30.13 

33.27 

29.90 

32  57 

=»   

31.00 

35  03 

31.80 

34  20 

31.40 

34.13 

32.13 

33.87 

31.93 

33.40 

31.17 

32  47 

Monthly  avtrtgt  

32. 18 

31.71 

31.99 

35.02 

32.00 

34.95 

31.75 

34.95 

31.54 

34.40 

30.08 

33.B8 
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TABLE  57— EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  80115.    DAILY  AVERAGE.  Fi5BRUARY, 

lfll3. 


Pett 

8.47% 

S.S2% 

2.SI% 

1.81% 

of  r 

»Mt. 

of  r 

of  f 

of  1 

»Mt. 

of  1 

Dftte. 



18' 

ft* 

IS' 

5' 

18* 

5 

IS' 

5' 

IS* 

6' 

IS' 

1  

28.60 

35.10 



24  93 

34.30 

24.73 

34.27 

23.40 

34  10 

24.60 

33.63 

24  53 

32  87 

28  93 

34.80 

27.70 

33.56 

28  06 

33.23 

27.70 

33  20 

27.33 

32  36 

26.36 

31  30 

27  56 

34.03 

25.00 

33.63 

24.96 

33.83 

23  93 

33  20 

23.76 

32.30 

23.06 

30  96 

34.53 

19.60 

33.10 

18.86 

32.70 

17  46 

32.33 

17.36 

30.93 

16.73 

28.53 

6  

22.50 

34.30 

19.20 

33.13 

18.56 

32  23 

17.46 

31.20 

16.80 

30.33 

16.26 

27  70 

26.33 

34.16 

24.16 

33.76 

23.06 

31.86 

22.20 

81.40 

22.10 

30  96 

21.53 

20.03 

8  

27.23 

33.73 

27.10 

32.33 

26.70 

31  23 

25.70 

31.20 

25.66 

31.03 

25.10 

20.76 

10  

25.50 

33.53 

24.56 

31.56 

24.16 

30.70 

23.56 

31  16 

23.36 

30.70 

22.73 

20.10 

11  

29.20 

32.90 

28.56 

31.23 

28.13 

31  13 

27.23 

31.43 

27.43 

31.13 

26  50 

80  53 

12  

23  36 

33.33 

19.40 

31.33 

20.06 

30.43 

18.46 

31.06 

18.60 

30.56 

18.43 

29  73 

22.03 

33  03 

18  76 

30  23 

19.80 

28.80 

18.83 

29  76 

18  43 

29  36 

17.86 

27  36 

14  

28  56 

32.63 

24.26 

29.16 

24  86 

28.63 

24.96 

29.53 

24.60 

29.30 

24.20 

28  06 

15  

29.10 

32.17 

29.73 

30.43 

29.43 

30  17 

29.83 

30  70 

28.83 

30.30 

28.37 

29  60 

17   

29.90 

32.37 

29.60 

31  03 

29  57 

31  17 

29.43 

31  57 

29.13 

31.40 

28  30 

30  67 

28.50 

32.30 

27.97 

30.70 

28.03 

30.90 

28  73 

31.23 

28.00 

31.03 

27  47 

29  90 

31  07 

32  33 

31.50 

31.33 

31.97 

31.67 

31.97 

32.13 

31.87 

32.00 

31  00 

31  73 

31.50 

32.40 

32.07 

31.70 

32.80 

31  97 

33.63 

32.13 

33.03 

32.07 

31.93 

31  80 

21  

32.13 

33.03 

32.60 

32.47 

32  90 

32  60 

32  73 

33.07 

32  57 

32.77 

31.73 

32  43 

22  

31.97 

32.73 

32.20 

32.10 

32  47 

32  30 

32.27 

32  80 

32.20 

32.50 

31.53 

32  07 

24  

32  35 

32  95 

32.35 

32.40 

32.65 

32.65 

32.60 

32.90 

32.25 

32.65 

31.40 

32.25 

25  

31.80 

32.33 

31.87 

31.90 

32.07 

32  07 

31.90 

32.30- 

31.63 

32.20 

30.37 

31  70 

26  

31.93 

32.80 

32  17 

32  20 

32.27 

32.50 

32.13 

82.67 

31.73 

32.88 

30  97 

31  03 

27  

31  97 

32  53 

32  10 

32  10 

32  20 

32.27 

32.07 

32  60 

31.90 

32.23 

31.10 

31  87 

28   

32  00 

32.67 

32  13 

32.17 

32  43 

32.47 

32.20 

32.63 

31.80 

32.37 

31.06 

31  97 

Monthly  tvinifl«  

2S.88 

SS.23 

27.48 

SI.99 

27.53 

SI. 73 

27.18 

Sl.tS 

2S.SS 

SI. 62 

2SJS 

St.M 
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Space  does  not  permit  full  and  detailed  discussion  of  the  results  of 
this  experiment,  hence  only  the  principal  points  will  be  emphasized. 

All  the  soils  at  both  depths  remained  frozen  till  April  4  on  which  day 
the  upper  5  inches  of  the  soil  with  2.01  and  3.32%  organic  matter 
thawed,  followed  by  the  soils  with  1.81,  5.4  and  6.95%  organic  matter 
the  next  day  and  by  peat  7  days  later.  The  18  inch  depth  thawed  in 
the  following  order:  1.81%  oi^nic  matter  April  10,  2.01%  April  10, 
3.32%  April  11,  5.27%  April  12,  6.95%  April  15,  and  peat  May  4.  Im- 
mediately upon  thawing  the  temperature  of  the  soils  with  the  lowest 
percentage  of  organic  matter  rose  the  highest  followed  by  the  other  two 
soils  in  the  order  of  their  increased  organic  content.  On  the  second 
day  after  the  first  thawing  appeared,  the  temperature  of  the  soil  with 
1.81%  organic  matter  fell  back  from  that  of  the  soils  with  2.01  and 
3.32%  organic  matter  but  it  was  still  ahead  of  the  temperature  of  the 
soils  with  5.42  and  6.95%  organic  matter.  The  temperature  of  the  two 
latter  soils  attained  the  same  magnitude  as  the  temperature  of  the  soils 
with  the  three  lower  percentages  of  organic  matter,  about  April  15. 
At  about  this  time  the  lower  depths  of  the  soils  with  the  higher  per- 
centages of  organic  matter  thawed,  hence  the  logical  inference  would 
seem  to  be  that  it  was  probably  these  frozen  layers  below  that  delayed 
the  rapid  rise  of  the  temperature  of  these  soils.  The  temperature  of 
the  soils  with  the  intermediate  percentages  of  organic  matter  (2.01,  3.32, 
5.47%)  tended  to  be  higher  than  that  of  the  soils  with  1.81  and  6.95% 
from  the  second  or  third  day  after  thawing  to  the  end  of  the  month  of 
April,  and  for  all  the  time  thereafter.  The  temperature  of  the  soil  with 
1.81%  organic  matter  was  higher  than  that  of  the  soil  with  6.95%  up 
to  the  middle  of  April  and  from  then  on  it  was  the  latter  that  was 
ahead.  The  temperature  of  the  peat  did  not  attain  the  same  magnitude 
as  that  of  the  other  soils  until  about  May  11,  or  only  a  few  days  after 
the  lower  depth  had  thawed. 

The  temperature  of  all  the  soils  at  both  depths  continued  to  increase 
until  July  when  the  maximum  was  attained  and  then  it  began  to  de- 
crease until  fi-eezing  time.  The  highest  temperature  was  attained  by 
all  soils  at  the  upper  5  inch  depth  between  the  9th  and  11th  of  July.  The 
soil  with  1.81%  organic  matter  reached  its  average  maximum  on  Julv 
9th  with  80.23°  F.,  2.057r.  Julv  9th  with  82.26°,  3.32%  July  9th  with 
22.33°;  5.47%  July  11th  with  81.63°;  6.95%  July  11th  with  82.23°;  and 
peat  July  11th  with  78.13°.  At  the  18  inch  depth  the  highest  average 
temperature  was  reached  bv  the  soil  with  1.81%  organic  matter  on 
July  11th  with  74°;  2.01  %. 'on  Julv  11th  with  74.23°;  3.32%.  on  July 
11th  with  73.13° ;  5.47%  July  11th  with  73.76° ;  6.95%  Julv  12th  with 
74.1°;  and  peat  on  July  12th  with  72.72°. 

From  this  i)eriod  on  the  tenii)erature  of  all  the  soils  at  both  depths 
decreased  spniewiiat  irregularly  but  gradually  until  the  fiwzing  period 
and  then  until  the  minimum  was  attained.  The  first  freezing  occurred 
about  the  first  part  of  December,  when  the  soils  with  the  different 
amounts  of  organic  matter  froze  about  the  same  time  with  small  varia- 
tions. The  soils  with  1.81,  2.01,  and  3.33%  organic  matter  froze  at  the 
upper  5  inch  depth  on  December  9th,  with  5.47%  on  December  10th,  with 
6.95%  on  December  12th,  and  peat  about  December  13th.  The  18  inch 
depth  of  the  different  soils  froze  at  the  following  dates:   1.81%  organic 
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matter  Feb.  3rd;  2.01%  February  5th;  3.32%  February  6th;  5.47%  Feb- 
ruary 7th;  6.95%  February  10th;  and  peat  February  15th. 

The  temperature  of  the  upper  5  inch  depth  of  all  the  soils  fluctuated, 
after  the  freezing  point  was  reached,  as  the  average  temperature  varied, 
and  the  amount  of  fluctuation  was  greatest  when  the  soils  were  not 
covered  with  snow.  The  lowest  average  temperature  reached  by  all  the 
Roils  at  the  upper  depth,  was  on  Feb.  6th  with  the  following  results: 
1.81%  16.26°  F.,  2.01%  16.80°,  3.32%  17.46°,  5.47%  18.56°  F.,  6.95% 
19.20°,  peat  22.50°.  After  this  date  the  temperature  tended  to  fluctuate 
from  the  above  points  to  32°  until  the  thawing  period. 

From  the  time  of  thawing  to  the  end  of  September  the  soils  with  2.01, 
3.32,  5.47  and  6.95%  organic  matter  showed  a  higher  daily  and  monthly 
average  temperature  than  the  soil  with  1.81%  and  peat.  This  wias  true 
at  both  depths.  The  temperature  of  the  first  three  soils  tended  to  be 
about  the  same  through  all  the  warmer  months  with  a  slight  difference 
in  favor  of  the  soil  with  3.32%  organic  matter.  The  temperature  of 
peat  ran  considerably  lower  than  that  of  the  soil  with  1.81%  organic 
matter  up  to  the  end  of  June.  From  this  time  on  until  the  freezing 
period  the  temperature  of  both  soils  ran  about  the  same  with  a  slight 
difference  in  favor  of  peat. 

It  will  now  be  worth  while  to  study  the  moisture  content  of  these 
soils  and  compare  this  with  their  heat  relationships  and  thereby  see  to 
what  extent  the  object  of  this  research  has  been  answered. 

The  water  content  of  these  soils  was  determined  several  times  during 
the  warmer  part  of  the  year,  but  for  the  sake  of  brevity,  only  three 
determinations  will  be  given,  namely  those  taken  April  3rd,  when  the 
soils  commenced  to  thaw,  July  27th,  in  the  warmest  month  of  the  year, 
and  November  4th,  when  the  rapid  cooling  commenced.  The  data  are 
represented  herewith: 


TABLE  50.-MOI8TURE  CONTENT  OF  SOIL  WITH  DIFFERENT  AMOUNTS  OF  ORGANIC  MATTER.  FIVE 

INCH  DEPTH. 


Date. 

1.81% 

2.01% 

3.32% 

5.47% 

6.95% 

Peat. 

April  3  

16.96 

12.92 

21.80 

26.90 

32.53 

2S6.5 

July  27  

2.08 

3.09 

6.78 

12.83 

17.42 

236.4 

2.46 

5.85 

8.63 

14.46 

21.8 

247.8 

It  will  be  seen  that  the  moisture  content  for  all  the  soils  varied  con- 
siderably at  the  different  times,  but  it  increased  very  markedly  in  all 
of  them,  with  the  increase  of  the  organic  content.  In  the  determinations 
of  July  and  November  the  soil  with  6.95%  organic  matter  contained 
about  9  times  as  much  water  as  the  soil  with  only  1.81%,  while  the  peat 
possessed  almost  120  times  as  much  as  the  latter  and  about  12  times 
as  much  as  the  former. 

These  facts  lead  to  the  important  conclusion  that  color  plays  an 
important  part  in  the  warming  of  the  soil  and  contradicts  the  common 
belief  that  its  influence  or  effect  is  overbalanced  or  overshadowed  by 
the  greater  moisture  content  that  the  colored  soils  tend  to  possess. 
The  results  above  show  conclusively  that  when  the  soils  are  colored, 
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even  in  diflferent  degrees  of  shade,  so  that  the  reflection  is  considerably 
reduced,  if  not  entirely  eliminated,  their  temperature  is  about  the  same, 
irrespective  of  their  moisture  content,  and  that  it  is  higher  than  that 
of  the  uncolored  soil  whose  reflection  is  very  great  and  whose  moisture 
content  is  small. 

The  question  might  now  be  asked  why  peat  did  not  also  have  a  much 
higher  temperature  than  the  uncolored  soil.  It  would  have  had  if  it 
were  not  for  its  water  holding  peculiarities.  Peat  or  muck  has  not  only 
a  very  great  water  holding  capacity  but  also  has  the  ability  to  retain 
and  absorb  water  on  the  surface,  which  on  account  of  its  slow  but  con- 
tinuous evaporation,  tends  to  keep  the  temperature  down.  This  fact 
is  well  illustrated  in  the  following  experiments.  A  piece  of  ground 
was  covered  with  a  thin  layer  of  peat  while  another  piece  was  covered 
with  a  thin  layer  of  white  isand.  The  temperature  records  taken  several 
times  throughout  the  summer  show  that  both  plots  at  the  depth  of  7 
inches  were  equally  warm,  with  a  slight  difference  in  favor  of  the  plot 
covered  with  the  white  sand.  In  another  experiment,  instead  of  using 
peat,  dark  colored  sand  was  employed.  The  results  show  that  the  tem- 
perature of  the  dark  covered  soil  was  from  4°  to  7°  F.,  higher  than  that 
of  the  white  covered  soil.  In  still  another  experiment,  wooden  boxes 
12  inches  square  and  2  inches  high  were  filled  with  white  sand,  black 
dyed  sand,  and  peat,  in  the  dry  condition,  and  placed  out  in  the  sun 
and  the  temperatures  w^ere  taken  many  times  during  the  day  for  several 
days.  The  results  show  that  the  temperature  of  the  black  sand  was 
always  about  5°  to  6°  F.,  higher  than  that  of  the  white  sand,  while  the 
temperature  of  the  peat  was  low^er  than  that  of  the  black  sand  and  only 
about  1°  or  2°  F.,  higher  than  that  of  the  white  sand.  The  resnlte 
under  the  investigation  of  the  temperature  of  the  different  types  of 
soil  show  also  that  when  the  peat  was  covered  with  a  thin  layer  of  a 
sandy  soil  its  temperature  was  little  higher  during  the  warmest  part  of 
the  year  than  that  of  the  other  soils.  All  these  facts. go  to  prove,  there- 
fore, that  the  high  heat  absorptive  power  of  pure  peat,  on  account  of 
its  black  color,  is  considerably  reduced  by  its  other  properties  and  con- 
sequently its  temperature  is  below  that  of  the  other  types  of  soil. 

The  color  of  soils  differs  considerably.  It  merges  into  different  shades 
of  the  same  color  or  into  the  various  colors  of  the  spectrum.  The  differ- 
ent colors  of  the  si)ectrum  such  as  blue,  green,  red,  yellow,  etc.,  are 
found  in  soils.  Some  of  them  occur  very  rarely.  There  are  various 
causes  of  these  colors,  chief  of  which  are  the  humus  and  the  iron  com- 
pounds. All  these  natural  colors,  as  shown  by  the  present  investiga- 
tion and  by  the  research  under  absorption,  play  a  very  important  part 
in  the  heat  relationship  of  the  soil. 

Nothing  very  definite  can  be  said  as  to  the  influence  of  color  on  the 
temperature  of  soils  covered  with  vegetation.  An  experiment  was  com- 
menced to  ascertain  an  answer  to  this  question  but  it  was  too  late  in 
the  season  and  the  results  obtained  cannot  be  absolutely  relied  upon. 
It  would  seem,  however,  that  extreme  shades  of  color,  such  as  black 
and  white,  would  impart  to  the  soils  different  heat  relationships  and 
especially  during  the  early  part  of  plant  growth,  which  is  the  most 
important  in  the  life  history  of  plants.  Even  when  the  vegetation  is 
well  advanced,  if  the  planting  has  not  been  too  thick  so  the  sun  rays 
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are  entirely  intercepted,  the  color  will  influence  the  warmth  of  the  soil. 

As  to  the  influence  of  the  meteorological  elements  on  the  temperature 
of  these  soils,  the  reader  can  obtain  a  better  idea  by  referring  to  the 
charts  for  each  month.  It  will  sufiice  to  mention  again  that  these  ele- 
ments are  too  complex  in  their  behavior  and  consequently  the  influence 
of  all  of  them  is  not  very  r^ular. 

DAILY  AND  MONTHLY  RANGE  OF  TEMPERATURE. 

In  the  following  tables  with  their  i-espective  charts,  is  shown  the  high- 
est and  lowest  temperature  as  recorded  tri-umally.  What  has  already 
been  said  concerning  theni  under  the  discussion  of  the  temperature  of 
the  different  types  of  soil  applies  to  the  present  case  equally  well. 

The  tables  contain  the  maximum  and  minimum  temperature,  while 
the  charts  contain  the  differences  or  amplitudes  of  these  maxima  and 
minima  temperatures.  The  air  temperature  is  also  the  range.  All  the 
other  weather  elements  are  the  averages. 
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TABLE  58.— EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOILS.    DAILY  MAXIMUM  AND  MINIMUM. 

MARCH,  1912. 


Date — Maximum,  minimum. 


.  /Max. 

MMin.. 

„  /  Mix . 
./Mix. 
./Max. 

.[Max. 

®\Min. 

./Mix. 


8 


/Max. 

IMin. 


,  /  Max. 

'  \  Min. . 

9 /Max. 
,/Max. 
./Max. 

„/Max. 

®  \  Min . 

a /Max. 

^\Min., 


,fMax. 

IMin.. 

Max. 

Min.. 


23 


25 


26 


27 


\Min.. 

fMax. 

^Min  . 

fMax. 

1  Min. . 

/Max. 

IMin.. 


29 


1  Min. 


on  [Max. 


Monthly  ranga. 


32.0 

31.9 


31.9 

31.5 


31.4 

31.0 


30.8 

30.0 


30.0 

29.1 


29.6 

28.8 


29.3 

29.3 


29.7 

29.6 


30.0 

29.9 


30.1 

29.9 


30.0 

30.0 


30.0 

28.5 


30.4 

30  0 


30.3 

29.2 


31.1 

30.5 


27.0 

25.0 


29.0 

28.0 


30.5 

28.9 


29.1 

28  0 


30.8 

29.8 


31.0 

30.9 


31.2 

30.3 


31.2 

30.6 


31.0 

31.3 


31.8 

31.3 


0.72 


32.2 

32.2 


32.4 

32.2 


32.3 

32.3 


32.0 

32.0 


32.1 

32.0 


32.1 

32.0 


32.3 

31.9 


32.0 

31.9 


32.3 

31.9 


31.0 

31.9 


32.0 

31.5 


31.7 

30.2 


31.3 

30.9 


31.4 

31.1 


31.5 

31.2 


28.4 

26.0 


30.5 

29.4 


30.5 

29.4 


31.4 

30.5 


31.4 

30.6 


31.5 

31.1 


31.8 

31.6 


31.5 

31.3 


32.2 

32.0 


32.1 

31.8 


0.48 


8.95% 
Org.  Mat. 


32.2 

32.0 

31.0 

31.9 

32.2 

32.0 

31.5 

3^2 

30.0 

30.0 

30.0 

29.6 

30.5 

30.2 

31.0 

30.8 

30.0 

30.4 

31.2 

30.9 

31.2 

30.2 

30.2 

29.2 

30.5 

30.2 

31.0 

30.8 

31.3 

31.0 

27.4 

25.0 

30.0 

29.8 

30.3 

29.1 

30.0 

30.4 

31.0 

30.5 

31.3 

30.8 

31.7 

31.5 

31.0 

31.3 

31.8 

31.4 

31.0 

29.8 


0.57 


32.2 

32.1 


32.3 

32.0 


32.2 

31.9 


32.0 

31.9 


31.0 

31.5 


82.0 

31.8 


32.2 

31.0 


32.0 

31.9 


32.2 

31.9 


31.0 

31.7 


31.8 

31.4 


31.8 

29.9 


32.0 

31.1 


31.0 

31.3 


31.0 

31.3 


28.2 

25.0 


30.8 

30.1 


30.5 

30.0 


30.0 

30.4 


31.8 

30.4 


31.8 

31.4 


31.8 

31.7 


31.7 

31.2 


31.0 

31.6 


32.0 

30.7 


5.47% 
Org.  Mat. 


32.4 

32.0 


32.0 

31.9 


32.3 

32.0 


31.2 

30.2 


30.0 

29.0 


30.0 

29.5 


30.2 

30.0 


30.5 

30.4 


30.5 

30.1 


30.3 

30.3 


30.8 

30.2 


30.2 

28.8 


31.0 

30.0 


81.2 

31.0 


81.4 

31.0 


28.1 

25.2 


30.4 

29.6 


30.0 

29.6 


31.2 

31.0 


31.7 

31.0 


31.0 

31.7 


32.1 

31.8 


32.0 

31.8 


31.0 

31.8 


31.3 

29.2 


3.32% 
Org.  Mat 


32.4 

32.3 


32.2 

32.0 


32.2 

32.0 


31.0 

31.8 


82.0 

31.6 


32.1 

32.0 


32.3 

31.5 


34.0 

31.7 


82.0 

31.5 


31.7 

31.4 


82.0 

31.4 


31.5 

30.0 


31.4 

31.0 


31.5 

31.2 


31.4 

31.2 


28.7 

26.8 


31.5 

30.0 


30.0 

29.8 


31.7 

31.1 


31.0 

31.3 


31.7 

31.4 


32.1 

32.0 


31.0 

31.7 


31.8 

31.3 


31.7 

31.4 


0.84|   0.661  0.52 


32.9 

32.0 


32.3 

32.0 


31.2 

30.9 


30.4 

29.4 


30.2 

29.5 


30.4 

30.0 


30.3 

30.2 


30.7 

29.9 


30.3 

30.1 


30.0 

30.4 


30.3 

29.1 


31.0 

30.0 


81.0 

31.0 


31.4 

30.9 


28.2 

26.5 


31.2 

29.8 


30.0 

28.0 


81.4 

31.0 


32.0 

31.5 


31.5 

31.0 


31.8 

31.6 


32.0 


31.5 

31.0 

31.5 

29.7 


0.70 


32.5 

32.4 

32.7 

32.6 

32.4 

32.2 

32.0 

32.0 

32.2 

31.6 

32.2 

32.0 

32.3 

32.1 

32.1 

32.0 

32.3 

32.0 

31.0 

31.8 

81.4 

31.2 

81.7 

30.3 

31.7 

31.4 

31.0 

31.8 

81.0 

31.5 

28.8 

26.0 

81.4 

30.3 

31.4 

30.0 

31.7 

31.6 

31.7 

31.2 

32.1 

31.9 

32.2 

31.7 

32.4 

31.9 

32.1 

32.0 

32.1 

.7 


31 


0.44 


2.01% 
Org.  Mat 


32.2 

32  0 


32.1 

32.0 


31.0 

30.5 


30.3 

29.4 


20.0 

28.6 


29.0 

28.6 


30.0 

29.9 


29.5 

29.0 


31.0 

29.6 


30.2 

20.7 


30.8 

30.0 


20.0 

29.0 


30.0 

30.0 


81.4 

31.2 


31.8 

31.0 


28.1 

25.8 


31.1 

29.9 


31.1 

29.7 


31.4 

31.3 


81.5 

90.6 


32.1 

31.8 


31.9 

31.7 


31.8 

81.3 


32.1 

31.7 


31.7 

31.4 


1.81% 
Org.  Mat 


31.9 

31  7 


31.8 

31.4 


30.3 

300 


30.0 

29.0 


20.3 

29.0 


28.0 

27.9 


20.0 

20.0 


.0  I  20.4 

.0  ;  28.9 


30.0 

28.5 


29.2 

28.9 


29.9 

29.2 


29.0 

28.0 


30.5 

29.6 


30.7 

30.4 


30.0 

30.4 


27.8 

25.1 


30.8 

29.2 


30.4 

29.0 


31.0 

30.5 


31.0 

30.8 


31.1 

30.8 


81.2 

31.0 


31.1 

31.0 


31.5 

30.7 


31.0 

30.9 


0.87    0.58  0.88 
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TABLE  50.-EFFECT  OF  ORGANIC  MATTER  ON  THE   TEMPERATURE  OF  80IIA 

MINIMUM.  APRIL,  1912. 


DAILY  MAXIMUM  AND 


Date— Maximum,  minimum. 


(Max. 

1  Min  . 


Mix. 

Min.. 


Max. 

Min.. 

Max. 

Min.. 


Max. 

Min.. 


Max. 

Min.. 


Max. 

Min.. 


Max. 

Min.. 


Min.. 


Max. 

Min.. 


Max. 

Min.. 


Max 

Min.. 


Max 

Min.. 


Min. 


Max. 

Min.. 


Min. 


Max. 

Min.. 


Min.. 


Max. 

Min.. 


Min.. 

Max. 

Min.. 


Max. 

Min.. 


Min. 


Max. 

Min. 


Mix. 

Min.. 


Max. 

Min.. 


Monthly  ranffe. 


PMt 

9.95% 
Or«.Mat. 

6.47% 
Or«.Mat 

3.32% 
Or«.Mat 

2.91% 
Or«.  Mat 

1.81% 

On.  M«t 

18' 

5' 

I8» 

5» 

18' 

5' 

18" 

5» 

16' 

5' 

16' 

32.0 

31.7 

32.8 

31.4 

32.8 

32.0 

32.1 

31.7 

32.4 

31.9 

82.2 

31.9 

82.1 

31.9 

32.2 

31.8 

32.4 

32.0 

32.4 

32.1 

32.6 

31.2 

S2.6 

31.3 

31.9 

31.4 

32.9 

31.4 

81.9 

31.5 

81.3 

31.0 

31.8 

31.3 

31.6 

31.5 

31.9 

31.2 

31.7 

31.5 

81.9 

30.4 

31.6 

31.0 

31.3 

30  3 

31.4 

30  5 

31.6 

30.8 

31.8 

31.4 

81.5 

31.1 

81.5 

31.0 

31.7 

31.2 

31.8 

31.3 

31.5 

31.3 

31.8 

31.2 

32.9 

30.5 

31.8 

31.0 

Sl.l 

30.0 

Si.S 

30.3 

31.4 

31.0 

31.8 

31.0 

31.8 

30.0 

31.8 

30.0 

31.7 

31.3 

31.7 

30.0 

36.6 

31.9 

31.8 

30.6 

36.7 

31.1 

31.9 

30.9 

31.8 

29.1 

96.7 

30  0 

31.5 

31.4 

31.9 

31.7 

85.9 

31.9 

31.9 

31.6 

48.4 

32.9 

31.9 

31.7 

44.8 

34.5 

32.1 

31.9 

45.6 

35.0 

81.7 

31.6 

49.6 

32.4 

61.2 

31.1 

31.6 

31.0 

31.9 

31.5 

41.9 

34.6 

31.5 

31.3 

49.2 

36.1 

81.9 

31.5 

48.9 

38.0 

82.0 

31.7 

46.7 

38.0 

31.8 

31.5 

49.5 

36.5 

61.3 

31.2 

31.6 

31.3 

31.8 

31.4 

34.5 

33.3 

31.5 

31.3 

39.9 

34.5 

31.9 

31.3 

36.7 

34.1 

81.9 

31.5 

36.6 

34.6 

81.7 

31.6 

36.6 

33.5 

Sl.l 

31.0 

31.6 

31.4 

31.8 

31.4 

89.9 

31.6 

31.7 

31.3 

41.9 

32.0 

31.7 

31.4 

43.9 

31.4 

32.1 

31.5 

43.9 

31.6 

31.8 

31.6 

41.2 

30.9 

31.2 

31.1 

31.4 

31.4 

31.8 

31.7 

45.0 

.34.4 

31.7 

31.6 

47.8 

35.1 

31.9 

31.6 

56.1 

35.0 

32.9 

31.9 

49.1 

35.8 

31.8 

31.7 

47.9 

34.0 

S2.6 

31.2 

31.7 

31.0 

31.8 

31.5 

46.8 

33.0 

81.9 

31.5 

49.7 

33.9 

31.7 

31.3 

51.8 

33.2 

81.6 

31.2 

56.5 

33.2 

88.2 

31.9 

47.6 

32.3 

96.6 

32.1 

34.5 

31.7 

31.8 

31.5 

49.1 

35.6 

31.9 

31.5 

58.4 

36.9 

31.9 

31.5 

56.9 

37.4 

86.8 

33.5 

64.5 

37.2 

89.4 

33.4 

52.6 

36.0 

S6.6 

34.9 

36.0 

32.8 

31.8 

31.6 

49.9 

39.7 

31.8 

31.6 

49.1 

42.8 

35.9 

31.7 

51.9 

42.5 

86.9 

37.9 

56.3 

42.5 

89.9 

37.5 

46.9 

41.5 

36.6 

37.9 

39.4 

33  1 

31.5 

31.4 

45.9 

38.9 

31.5 

31.3 

49.1 

41.2 

89.9 

37.6 

56.8 

41.8 

49.9 

39.0 

46.4 

41.8 

89.4 

38.9 

47.7 
40.1 

36.6 

38.6 

42.9 

36.0 

31.5 

31.5 

55.9 

44.1 

41.5 

40.1 

66.9 

44.8 

43.8 

42.0 

58.9 

41.0 

44.5 

38.4 

56.9 

41.0 

44.5 

38.8 

64.5 

38.9 

44.6 

38.0 

41.5 

36.0 

32.1 

31.7 

56.9 

45.1 

43.2 

42.0 

51.5 
45.4 

44.5 

42.5 

52.6 

45.0 

44.3 

42.5 

56.9 

44.8 

44.6 

42.0 

46.5 

43.3 

43.6 

41.8 

37.9 

34  0 

31.7 

31.4 

45.9 

42.9 

43.5 

42.0 

49.8 

41.5 

43.9 

42.5 

48.8 

40.0 

43.8 

43.0 

47.2 
40.0 

43.4 

42.1 

44.8 

99.0 

42.6 

41  5 

39.8 

34.1 

31.9 

31.8 

41.3 

39.5 

42.2 

41.5 

41.8 

39.5 

42.3 

40.9 

41.6 

39.0 

41.5 

41.2 

41.6 

38.5 

46.5 

:4o.o 

89.2 

37  5 

66.6 

39.5 

39.9 

32.2 

31.8 

31.7 

47.4 

36.0 

48.5 

40.0 

49.6 

35.2 

49.5 

40.0 

49.6 

34.5 

41.5 

39.6 

46.8 

33.9 

41.6 

38.0 

45.9 

32.9 

46.1 

37.0 

41.9 

35.0 

32.4 

31.2 

46.5 

35.6 

42.9 

380 

49.9 

39.0 

42.5 

38.9 

56.4 

37.8 

49.9 

39.0 

56.9 

37.5 

46.7 

37.0 

51.8 

36.0 

46.6 

37.2 

42.9 

40.3 

31.9 

31.9 

48.8 

46.2 

44.5 

44.3 

49.0 

45.5 

45.9 

44.9 

46.7 

44.0 

46.4 

44.9 

46.5 

43.9 

46.2 
44.9 

47.2 

42.3 

44.6 

44.8 

39.8 

34.3 

32.9 

31.8 

59.9 

38.9 

48.8 

42.4 

51.9 

37.5 

43.6 

42.3 

52.2 

35.8 

43.9 

42.3 

51.8 

35.8 

42.8 

41.5 

49.4 

34.4 

42.6 

40.0 

45.0 

38.5 

31.9 

31.7 

58.5 

45.3 

43.8 

43.7 

57.9 

45.3 

44.3 

43.8 

56.1 

45.1 

45.2 

43.6 

67.8 

44.8 

46.1 

43.9 

68.6 

44.0 

46.2 

43.4 

42.9 

37.0 

31.8 

31.2 

55.8 

41.9 

45.9 
44.1 

58.1 

45.1 

44.2 

58.9 

45.2 

44.1 

57.6 

39.5 

45.4 

56.6 

HA  A 
oo.v 

46.6 

43  3 

47.1 

41.2 

31.9 

31.8 

67.5 

49.0 

45.5 

45.5 

58.8 

48.0 

48.9 

45.9 

91.5 

48.9 

47.3 

46.2 

81.1 

48.8 

47.9 

46.1 

66.1 

47.9 

47.6 

45.4 

42.9 

40.0 

31.9 

31.8 

67.5 

47.2 

47.5 

47.0 

58.2 

48.0 

47.7 

47.3 

56.6 

46.3 

46.8 

47.3 

57.4 

46.6 

46.6 

47.1 

64.6 

45.0 

46.1 
46.4 

37.8 

37.2 

32.9 

31.9 

45.9 

42.6 

44.9 

44.4 

45.1 

42.6 

44.9 

44.1 

45.5 

41.8 

44.5 

44  0 

45.2 

41.8 

44.9 

43.6 

44.6 

40.0 

42.6 

42  4 

89.5 

35  0 

31.8 

31  6 

58.9 

48.8 

43.7 

42  9 

59.9 

87.2 

43.9 

42.8 

86.9 

36  8 

44.8 

42  4 

68.6 

CC  9 

45.9 

i2  0 

54.1 

u6  0 

44.6 

41.0 

2.67 

8.28 

7.93i  9.88 

8.29 

9.93 

16.33 

1.55 

1.36 

5.23 

1.68 
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TABLE  60.  —  EFFECT  OF  ORGANIC  MATTER 


OX  TEMPERATURE  OF  SOIIi?.  DAILY  MAXIMUM  AND  MINI- 
MUM,  MAY.  1912. 


Date— Maximum,  minimum. 


-  I  Max. 

MMin. 


Min. 


Mix 

Min. 


Max 

Min 


Mix 

Min. 


Min.. 


Max 

Min.. 


Mtx 

Min. 


Max. 

Min.. 


Max 

Min.. 


Min. 

Max 

Min. 


Max. 

Min.. 


Max. 

Min. 


MMin.. 

,  'Max. 

*  1  Min  . 


20  ^ 


Max 

Min.. 


MMin.. 

MMin. 

,  IMax. 

*i  Min.. 


25 


I  Max. 

iMin.. 


Max. 

Min. 


27 


29 


1  Min.. 

,  fMax. 

*\Min.. 

'Max. 

\Min. 


''Max. 


Max. 

Min.. 


3.{ 


Monthly  range. 


Peat 

0.05% 
Or«.  Mat. 

6.47% 
Or«.  Mat. 

3.32% 
Org.  Mat 

2.01% 
Org  Mat 

1.01% 
Org.  Mat 

I0» 

5* 

18' 

5» 

18' 

6* 

1 

5' 

I8» 

6* 

40.0 

39.1 

32.0 

31.6 

40.0 

44.4 

45.7 

45.0 

50.3 

44.1 

45.0 

45.0 

61.0 

43.5 

40.0 

44.9 

50.0 

43  4 

45.7 

45.0 

48.0 

41.9 

45.0 

44.0 

43.6 

39  9 

32.1 

31.9 

00.0 

44.3 

40.0 

45  0 

01.4 

44.2 

40.5 

44.9 

02.0 

44.2 

40.3 

45.1 

02.0 

43.1 

47.8 

45  0 

50.0 

42.9 

47.6 

44.5 

47.0 

43.8 

32.1 

31.9 

06.2 

49.4 

48.1 

47.4 

05.3 

49.3 

40.3 

47.4 

08.8 

49.0 

50.0 

47.7 

06.7 

49  5 

60.5 

47.8 

•02.6 

46.9 

60.3 

47  3 

40.0 

46.0 

32.4 

32  1 

07.0 

51  7 

50.0 

40.5 

07.0 

51  4 

50.0 

49.4 

68.0 

50  0 

61.5 

49.8 

07.1 

50.0 

62.0 

49.8 

03.3 

48.6 

52.0 
49  4 

64.9 

50.2 

36.0 

35.8 

70.6 

53  9 

62.0 

51  5 

70.2 

53  1 

53.2 

51.8 

71.3 

53  0 

63.0 

52.0 

70.0 

52  8 

64.0 

52  0 

00.6 

51.3 

04.0 

51  2 

I.... 

54.0 

30.8 

38.4 

00.0 

57.8 

54.8 

54.1 

00.2 

57.7 

56.3 

54.1 

72.8 

57.0 

55.0 

54.8 

70.0 

56.8 

50.4 

54.7 

06.8 

54.9 

50.0 

54.0 

56.0 

54.0 

44.0 

41.0 

05.1 

53  8 

56.0 

54  2 

04.0 

53  1 

54.0 

54.0 

86.5 

62.3 

56.5 

53.9 

04.0 

51.8 

56.0 

53.8 

01. 1 

50.5 

56.1 

52  5 

56.4 

54.0 

40.0 

49.0 

00.7 

51.4 

54.0 

53.4 

07.0 

50.3 

54.2 

53.3 

68.8 

49.2 

54.4 

52.9 

06.0 

49.0 

54.0 

52.7 

01.2 

47.5 

63.7 

51.4 

58.1 

54.0 

51.4 

50.6 

71.0 

51.4 

54.0 

53.4 

71.7 

51.0 

54.5 

53.0 

71.8 

49.5 

56.0 

53.0 

71.2 

40.1 

56.4 

52.5 

00.3 

47.0 

66.0 

51.5 

57.6 

56.6 

52.0 

51.5 

50.7 

58  3 

56.0 

54.2 

00.0 

58.5. 

50.0 

54.0 

00.6 

57.5 

60.0 

54.7 

50.8 

57.0 

60.0 

54.4 

68.0 

55.4 

64.8 

54  0 

51.0 

48.5 

53.0 

52.5 

51.4 

42.5 

50.0 

49.4 

58.8 

42.0 

40.3 

48.8 

67.0 

40.4 

40.2 

48.7 

58.0 

40.5 

40.0 

47.9 

64.0 

39.6 

40.7 

46.5 

53. 1 

50.2 

52.3 

51.3 

00.8 

46.5 

51.0 

49.8 

01.2 

46.7 

61.2 

49.3 

01.3 

46.4 

61.0 

49.4 

00.1 

46.3 

51.0 

49.2 

60.0 

44.3 

61.0 
47  0 

50.4 

49.7 

52.0 

51.7 

50.3 

46.3 

61.6 

50  0 

50.4 

45.8 

51.0 

50.0 

61.0 
44.4 

51.0 

50.0 

50.3 
44  4 

60.2 

49.3 

48.5 

42.8 

40.8 

480 

40.8 

49.5 

51.3 

51  0 

51.4 

47  7 

50.0 

49.0 

51.3 

47.4 

40.6 

49.0 

50.0 

47.0 

40.2 

49  0 

50.3 

47.0 

40.0 

48.7 

40.0 

45.7 

40.4 

47.8 

51.8 

48.8 

51.4 

50.0 

50.8 

47.5 

40.2 

48  5 

00.0 

46.5 

40.1 

48.1 

02.0 

46.0 

50.0 

48.0 

02.0 

45.6 

60.1 

47.8 

68.2 

45.0 

40.0 

47.0 

61.1 

50.1 

50.7 

49  3 

56.0 

46.9 

50.1 

50  1 

57.0 

46.4 

40.4 

49.0 

00.1 

46.1 

40.5 

49.5 

60.8 

47.0 

68.4 

49.6 

50.0 

44.9 

40.6 

47  3 

54.4 

51.8 

51.0 

50  2 

58.2 

51  4 

51.8 

51  5 

68.7 

51.0 

51.8 

51.3 

58.0 

50.2 

62.0 

51.3 

68.8 

40.9 

62.0 

50.6 

67.4 

48.5 

61.8 

49.7 

1  58.0 

53.4 

51.0 

49.9 

03.0 

53.3 

53.0 

51.3 

03.1 

53.7 

63.2 

51.2 

01.0 

53  6 

54.0 

51.3 

62.8 

53.5 

64.8 

51.3 

00.0 

53.4 

64.3 

50.9 

.... 

58.0 

52.8 

52.3 

72.2 

57.2 

55.0 
54  1 

74.3 

57.2 

56.7 

54.1 

n.o 

57.7 

50.0 

54.8 

70.0 

57.6 

87.7 

54.8 

73.2 

56  4 

68.1 

54.4 

05.1 

61  8 

54.0 

51.6 

70.0 

62  8 

57.0 

56.5 

00.1 

63  0 

58.8 

57.2 

00.0 

63.8 

00.0 

58  0 

70.0 

63.7 

00.8 

58.4 

75.8 

62.1 

00.0 

58  5 

06.7 

63  5 

50.0 

53  3 

73.0 

65.7 

00.6 

59.5 

73.2 

65.1 

00.0 

60.1 

73.3 

62.1 

01.4 

60.2 

74.0 

64.0 

01.2 

60.4 

71.0 

62.6 

02.1 

60.1 

06.1 

1  62.4 

57.2 

56  6 

70.4 

58.5 

00.0 

59  1 

00.0 

58.0 

50.8 

59.6 

00.2 

56.7 

01. 1 

58.9 

78.8 

57.1 

01.7 

59  2 

73.0 

55.3 

00.0 

58.2 

1  06.0 

'  65  .6 

00.4 

58.9 

72.0 

66  9 

02.7 

62  0 

73.0 

66.0 

02.0 

61.9 

74.8 

63.0 

03.0 

61.9 

75.2 

64.6 

03.2 

61.7 

72.6 

62.9 

02.1 

60.9 

06.0 

65.9 

00.1 

50  9 

00.5 

65.0 

02.0 

61.8 

07.0 

65.0 

02.0 

61.5 

68.5 

64.9 

02.2 

61.5 

68.6 

64.7 

02.4 

61.8 

07.0 

63.9 

02.2 

61.5 

04.0 

62.0 

02.0 

60.7 

50.0 

59.4 

01.2 

59.6 

60.3 

58.5 

00.0 

59.0 

50.1 

57.2 

00.0 

59.1 

SO.I 

57.1 

00.5 

58.9 

57.4 

56.3 

00.2 

58.3 

03.8 

59.3 

00.4 

50.9 

75.4 

54.0 

58.1 

57.2 

70.5 

53.8 

68.1 

56.8 

70.0 

53.8 

50.4 

56.9 

75.8 

53.8 

50.8 

56.9 

71.8 

52.2 

60.3 
64.9 

00.3 

61.9 

50.5 

59.1 

70.8 

58.8 

00.1 

59.2 

00.7 

58.2 

00.5 

58.9 

01.5 

57.0 

01.2 

59.2 

00.0 

57.3 

01.5 

58.8 

74.7 

55.1 

01. 1 

57.8 

i  3.07 

0.00 

11.30 

0.02 

12.40 

1.15 

13.07 

1.501  13.40 

1.00 

11.50 

2.83 

Google 
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TABLE  61.— EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURES  OF  BOll£.    DAILY  MAXIMUM  AXD  MINI- 
MUM. JUNE.  1912. 


PMt 

8.05% 

6.47% 

3.82% 

2.01% 

!.••% 

Date — Maximum,  minimum. 

Mat 

Or«.  Mat. 

Off.  Mat 

Org.  Mat 

Or«.  Mat 

.  6» 

I8» 

6' 

18' 

6» 

18' 

6* 

18' 

5' 

16" 

f  Max  

M.7 

61.6 

81.3 

62.0 

•1.0 



83.3 

■ 

•2.2 

84.0 

81.1 



84.3 



77.0 



83.8 

1 

I  Min  

64.6 

59.7 

61.8 

61 .7 

63.2 

61.2 

62.4 

61.5 

62.0 

61.0 

59  8 

60.1 

r  Max  

67.1 

61.0 

77.7 

61.0 

78.3 

61.8 

70.0 

•2.^ 

78.1 

83.6 

75.0 

•2.0 

3 

t  Min  

63.8 

61.0 

60.2 

61  0 

59.5 

60  3 

50.2 

60.3 

58.9 

60.0 

57.7 

59.3 

f  Max  

66.4 

61.6 

72.6 

62.0 

70.0 

•2.5 

71.0 

•2.8 

n.o 

•2.7 

08.3 

•2.3 

4 

[Min  

64.6 

61.3 

61  8 

62  1 

60.9 

61.6 

50.8 

61.5 

59.7 

61.2 

58.2 

60  5 

'  Max  

64.3 

81.6 

n.o 

•  1.0 

72.0 

•  !.• 

73.5 

•l.t 

72.6 

•  1.5 

00.1 

•0.8 

5 

t  Min  

61.9 

61.3 

w.a 

54.9 

69.8 

54.4 

50.8 

54.8 

59.3 

53.3 

56.1 

f  Max  

•6.6 

61.3 

76.2 

•2.0 

75.1 

•  1.0 

75.5 

•3.0 

73.0 

•3.0 

70.3 

82.3 

6 

[  Min  

64.0 

61.2 

63.2 

61.4 

62.2 

60.8 

62.0 

61.3 

62.0 

61.0 

60  6 

60.4 

66.6 

61.4 

74.3 

•2.6 

74.4 

•2.0 

74.0 

61.0 

72.0 

01.5 

••.1 

88.3 

7 

[Min  

62.3 

61.2 

68  8 

61  3 

58.0 

60.8 

56.2 

60.5 

55.8 

60.0 

54.0 

58.4 

64.4 

61.3 

72.0 

•2.0 

71.9 

•  1.8 

72.0 

•  1.8 

71.0 

•1.7 

•0.0 

88.5 

8 

Min  

61.6 

61.2 

58  0 

57.1 

60.5 

55.8 

60.0 

54.9 

59.1 

52.5 

57.9 

f  Max  

66.7 

62.3 

77.9 

64.0 

78.6 

•3.3 

77.0 

•3.3 

70.4 

•3.0 

72.5 

•2.2 

10 

[Min  ^  

64.2 

61.0 

61.4 

62  0 

60.5 

61.7 

59.0 

61.2 

58.2 

60.5 

56.3 

59.1 

66.6 

61.3 

77.1 

83.8 

77.7 

•3.5 

78.0 

•3.3 

77.0 

•3.4 

73.7 

•2.S 

11 

[Min  

64.0 

61.3 

62.1 

62  8 

61.8 

62.1 

60.3 

62.0 

59.8 

61.4 

58.9 

60.0 

f  Max  

66.7 

62.0 

77.6 

64.2 

77.5 

64.2 

77.1 

64.5 

70.0 

84.5 

73.5 

•4.5 

12 

[  Min  

66.4 

61.8 

67.5 

64.0 

66.9 

63.9 

66.0 

63.9 

65.8 

63.4 

64.1 

62.9 

66.3 

62.5 

78.0 

64.0 

78.0 

64.3 

78.1 

64.2 

77.0 

84.4 

74.9 

84.1 

13 

[Min  

65.3 

62.3 

^.4 

63  9 

61.7 

63.4 

60.2 

63.1 

59.8 

62.5 

58.0 

61.7 

Max  

66.6 

63.6 

86.7 

65.1 

00.5 

66.0 

88.0 

64.0 

•5.3 

84.3 

•3.5 

83.6 

14 

[Min  

65.4 

63.0 

64  3 

AS  7 
Do.  1 

64.0 

63.0 

62.8 

63.0 

62.3 

62.4 

60.9 

62.0 

66.2 

62.6 

76.8 

63.0 

75.2 

•3.3 

74.8 

64.0 

74.0 

84.4 

72.9 

84.5 

15 

Min  

64.8 

62.7 

64  0 

62  4 

64.2 

62.2 

64.7 

62.2 

64.2 

61.9 

63.4 

61.2 

66.1 

63.7 

78.7 

•6.0 

78.4 

•4.0 

70.0 

85.1 

76.0 

66.6 

74.7 

66.2 

17 

Min  

66.1 

63.2 

62  5 

63  9 

62.0 

63.7 

60.9 

63.8 

60.8 

63.3 

59.8 

62.5 

66.6 

•3.3 

74.5 

64.6 

75.6 

64.5 

76.1 

84.3 

74.0 

83.8 

7I.I 

83.1 

18 

,Min  

64.9 

63.2 

61  9 

63  7 

61.1 

63.4 

59.4 

63.2 

58.9 

62.7 

57.0 

61  5 

66.6 

•3.5 

75.3 

64.6 

75.3 

64.6 

75.8 

•6.0 

74.8 

•6.1 

71.4 

64.8 

19 

Min  

65.2 

62.8 

A9  7 

62.8 

63.3 

61.7 

63.4 

61.2 

63.0 

59.8 

62.0 

67.6 

•3.1 

76.2 

64.2 

76.3 

•4.0 

77.0 

64.4 

76.2 

84.6 

73.1 

•4.2 

20 

[Min  

65.0 

63.0 

RO  0 

A9  7 
Do.  < 

62.0 

63.4 

60.7 

63.4 

60.2 

62.9 

58.6 

61  .tf 

66.4 

•3.5 

78.0 

64.6 

78.6 

64.5 

77.0 

•4.0 

76.8 

•6.0 

73.2 

•4.4 

21 

[Min  

65.5 

63.0 

A^  Q 
Dt.O 

62.1 

63.9 

60.9 

63.9 

60.1 

63.5 

58.5 

62.5 

66.6 

•3.3 

81.0 

86.0 

81.1 

•6.0 

81.7 

•6.6 

•8.2 

•6.8 

77.0 

•6.1 

22 

[Min  

65.4 

63.2 

AO  K 

64.3 

61.7 

64.0 

60.4 

63.9 

50.5 

63.2 

57.9 

62  2 

70.5 

64.3 

78.8 

67.0 

78.7 

67.1 

78.0 

87.1 

78.0 

•7.0 

75.7 

88.6 

24 

[Min  

68.4 

64.0 

67.1 

66.4 

66.3 

66.3 

65.2 

66.2 

64.6 

65.9 

63.0 

65.0 

(Max  

71.7 

66.0 

83.0 

67.4 

83.0 

67.1 

83.6 

•7.6 

83.1 

••.0 

00.4 

86.0 

25 

,  Min  

68.3 

64.9 

66  8 

AA  A 
00.4 

66.2 

66.0 

65.2 

66.0 

64.8 

65.7 

63.3 

65.0 

72.9 

65.4 

•0.8 

••.0 

00.2 

••.1 

00.3 

••.0 

70.0 

•0.0 

76.0 

80.1 

26 

I  Min  

69.7 

65.0 

68.9 

67.4 

68.2 

67.2 

67.5 

67.4 

67.0 

67.0 

65.4 

66.5 

27 

(Max  

71.9 

66.6 

70.8 

••.2 

70.7 

••.1 

70.0 

••.4 

70.3 

•8.0 

77.5 

88.1 

I  Min  

70.0 

65.5 

68.6 

67.4 

68.0 

67.4 

67.1 

67.8 

66.6 

67.3 

65.4 

66.7 

28 

^Max  

73.3 

66.0 

82.2 

••.0 

81.5 

67.0 

81.6 

••.4 

81.0 

••.• 

78.2 

80.0 

I  Min  

69  5 

65.8 

67.9 

67.0 

67.2 

66.8 

66.2 

67.0 

66.0 

66.6 

647 

66.2- 

29 

1  Max  

72.6 

66.6 

79.8 

•0.0 

70.7 

••.0 

80.7 

•0.0 

80.2 

••.0 

78.3 

••.2| 

\  Min  

71.5 

63.8 

70.0 

65.8 

09.7 

66.0 

68  9 

66.6 

68.3 

63.9 

66.8 

64.01 

2.71 

0.33 

13.61 

0.07 

14.20 

1.20 

16.44 

1.47 

14.02 

2.06 

13.48 

2.52 

i 
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TABLE  62.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOILS.  DAILY 

MUM.  JULY,  1912. 


MAXIMUM  AND  MINi- 


Datc— Maxirauin,  minimum. 


1^ 


Max 

Min.. 

>;Mtx. 

'  I  Min.. 


I  Mix. 

I  Min.. 


./Max. 

, /Max. 

^iMin., 


I  Min. 


I  Min. 


in /Max. 

^^iMin., 

"iMin. 


rMax. 

\Min.. 

/Max. 

I  Min.. 

/Max. 

\Min., 

Max 

Min.. 


Max. 

I  Min. . 


^8  i  Min 


20 


22 


23 


.[Max. 

'  ,  Min. 

Max 

1  Min.. 

I  Max. 

V  Min.. 

/Max. 

\Min.. 


f  Max. 

2*  1  Min. 


25 


26 


;Max.... 

\  Min  

'Max.... 

i  Min  

J  Max.... 

1  Min, . . . 


f  Max. 

I  Mint'. 

I  Max. 

[  Min.. 


[Max. 

^  Min  . 


31^ 

Monthly  range 


Peat. 

6.95% 
Org.  Mat. 

5.47% 
Off.  Mat. 

3.32% 
Org.  Mat 

2.61% 
Org.  Mat. 

1.81% 
Org.  Mat 

5' 

18' 

5' 

18' 

5' 

18' 

5' 

18' 

5* 

18' 

72.0 

69.2 

67.8 

66.5 

81.2 

66.2 

69.7 

67.4 

80.8 

65.9 

69.3 

67.4 

81.1 

64  6 

66.4 

67.4 

80.8 

64.1 

66.0 

67  0 

78.8 

62  4 

66.6 

66  0 

73. 1 

09.7 

67.6 

66.2 

81.4 

69.5 

69.5 

67.4 

89.9 

69.0 

69.2 

67.2 

81.1 

68.0 

66.3 

67.2 

81.0 

67.7 

66.1 

67.0 

79.4 

66.3 

69.0 

66.4 

74.7 

72.9 

66.0 

66.4 

83.0 

72  2 

70.0 

68.8 

82.2 

71.7 

69.9 

68.9 

82.6 

71.1 

76.1 

69.3 

81.9 

70.7 

76.6 

69.6 

66.2 

69  6 

70.2 

69.4 

78.0 

72.1 

67.4 

67.0 

65.0 

71.6 

70.0 

69.0 

84.1 

71.2 

70.0 

68.6 

84.5 

70.2 

70.2 

68.7 

84.2 

09.9 

76.7 

68.6 

62.5 

68.6 

71.0 

68.2 

77.2 
74  4 

68.8 

68.0 

83.6 

75.3 

71.5 

70.3 

83.1 

75.0 

71.7 

70.3 

83.1 

74.1 

72.0 

70.4 

83.1 

74.1 

72.2 

70.6 

81.8 

73.0 

72.4 

70.5 

78.1 

75.3 

70.0 

69.4 

83.9 

74.9 

72.0 

71.8 

61.9 

74.5 

72.1 

71.5 

81.0 

73.7 

72.9 

71.8 

81.6 

73  6 

73.2 

71.7 

79.8 

72.6 

78.7 

71.6 

78.2 

74.7 

70.9 

70.6 

88.0 

72.7 

71.8 

71.0 

86.2 

72.2 

71.4 

70.7 

86.2 

71.3 

72.3 

70.9 

65.0 

71.1 

73.6 

70.7 

82.9 

70.0 

73.4 

70.3 

79.5 

76.4 

71.0 

70  1 

88.5 

74.3 

72.2 

71.2 

68.4 

74  0 

72.2 

71  1 

89.4 

73.0 

73.2 

71.2 

66.6 

72  6 

74.6 

71.3 

67.1 

71.3 

74.6 

71.2 

79.8 

77.1 

71.9 

71  0 

84.9 

76.4 

73.9 

73.2 

83.8 

75  9 

73.8 

73.1 

83.5 

75.0 

74.9 

73  3 

83.6 

74.8 

75.6 

71.1 

82.2 

73  4 

75.7 

71.0 

80.2 

77.0 

72.5 

72  3 

88.6 

75.7 

74.3 

73.6 

87.1 

75.0 

74.1 

73.3 

87.0 

74.1 

74.5 

73.6 

68.7 

73.8 

74.9 

73  4 

84.5 

72.5 

75.0 

73  1 

78.7 

76  0 

72.8 

72.7 

85.6 

74.2 

74.7 

73.8 

84.2 

73  5 

74.3 

73.3 

84.0 

72.2 

74.4 

73  3 

84.0 

71.9 

74.2 

73  0 

62.2 

70  2 

74.6 

72  3 

n.o 

74.5 

73.2 

72.9 

77.6 

72.7 

74.2 

72.9 

77.2 

72.0 

74.0 

72.6 

n.3 

71.2 

74.1 

72.5 

77.4 

71.0 

74.1 
72  4 

76.2 

70.0 

78.6 

72  2 

79.7 

77.2 

72.4 

72.3 

83.5 

75.0 

73.2 

72.7 

83.1 

74.6 

73.2 

72.7 

86.5 

75.0 

74.9 

73  2 

84.6 

75.0 

75.1 

73.6 

82.1 

74.0 

76.1 

rd.4 

78.5 

72  4 

72.9 

72  0 

83.7 

65.9 

72.9 

71.0 

84.3 

64.3 

72.3 

70.7 

86.2 

63.0 

72.4 

70.9 

84.8 

63.0 

72.6 

70.3 

81.0 

61  6 

71.2 
69  1 

78.2 

74  3 

72.0 

71  7 

87.1 

71.9 

72.3 

71  3 

87.9 

71.2 

72.3 

71  2 

88.5 

70.7 

75.2 

71  7 

87.9 

70  3 

73.5 

71.3 

84.3 

67.7 

73.2 

70  0 

75.0 

72  9 

72.0 

71  8 

72.2 

71.3 

73.2 

71.8 

71.8 

70.8 

73.2 

71.4 

71.0 

69.3 

73.4 

71.4 

70.2 

69.0 

73.2 

71  0 

66.9 

67.7 

72.0 

60.8 

70.9 

66  8 

71.4 

70  2 

78.9 

59.3 

69.4 

67.4 

n.o 

57.9 

68.7 

66.6 

n.o 

56.0 

68.6 

66.1 

76.1 

56.8 

67.3 

66.2 

73.6 

54  6 

66.3 

63.7 

88.7 

68  0 

70.0 

69.4 

66.5 

64  3 

68.0 

66.8 

66.1 

64.0 

67.8 

65  3 

66.9 

63.1 

67.6 

66.2 

66.3 

62.8 

67.0 

66  9 

63.8 

61.5 

66.5 

64.9 

70.0 

65.6 

67.7 

66.3 

78.0 

62  3 

65.4 

64.5 

79.4 

62.2 

65.5 

64.1 

81.2 

61.8 

66.2 

64.2 

80.3 

61.7 

66.6 

04  0 

77.8 

61.7 

68.7 

63  4 

69.4 

68.0 

66.6 

66.5 

72.3 

64.9 

66.8 

66.2 

73.5 

64.4 

68.9 

66  2 

75.4 

64.4 

67.6 

66.7 

74.4 

64.3 

67.8 

66.5 

71.9 

63.3 

67.4 

66.0 

73.0 

68.7 

67.4 

67.1 

79.0 

68.7 

67.7 

66  9 

79.2 

68.9 

68.1 

67.0 

80.1 

69.1 

66.0 

67.5 

79.8 

68.9 

66.4 

67.5 

78.6 

68  0 

60.6 

67.1 

74.. 

72.2 

67.8 

67.5 

82.8 

70.6 

69.3 

68.8 

82.6 

70.2 

89.9 

68.9 

82.4 

70.0 

71.0 

69.2 

83.6 

70.0 

71.0 

69.2 

66.8 

69.2 

71.0 

69.2 

71.2 

69.7 

69.6 

68.1 

79.0 

67.3 

70.2 

68.8 

78.3 

66.3 

70.0 

68.7 

78.5 

66.0 

70.3 

69.1 

77.5 

66.0 

70.0 

68.8 

74.8 

65.1 

60.4 

68.0 

71.9 

67.7 

67.8 

67  0 

84.2 

64.1 

68.9 

67.5 

83.5 

63  0 

68.5 

67  0 

83.3 

61.7 

68.8 

67.0 

82.4 

61.5 

66.9 

66.6 

77.0 

60  3 

67.0 

65.5 

70.9 

67.9 

68.3 

68.1 

75.0 

65  3 

69.3 

08.1 

74.7 

64  7 

68.9 

67.8 

74.8 

63.6 

68.9 

67.6 

76.1 

63.6 

68.6 

67.2 

74.1 

62.8 

66.1 

66  1 

70  0 

67.3 

68.2 

68.0 

71.2 

62.5 

88.0 

67.0 

70.2 

62.0 

67.4 

66.2 

71.5 

61.5 

87.8 

66.3 

71.3 

62.0 

66  2 

66.1 

60.5 

61.0 

67.6 

65  2 

«. 

65.7 

68.1 

67.5 

73.6 

60.2 

68.9 

65.7 

72.5 

59.2 

66.4 

65.1 

73.2 

58.1 

86.5 

65.1 

74  7 

58.3 

66.4 

64.7 

73.0 

67.6 

68.1 

63.6 

2.96 

0.64 

11.25 

I.IO 

11.40 

1.25 

12.63 

1.51 

12.83 

1.90 

12.57 

2.20 
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TABLE  63.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOILS. 

MUM.  AUGUST,  1912. 


DAILY  MAXIMUM  AND  MINI- 


Date— Maximum,  minimum. 


8.85% 
Or«.  Mat 

5.47% 
Or«.Mat 

3.32% 
Org.  Mat 

2.81% 
Org.  Mat 

1.81% 
Or*.  Mat 

B* 

18' 

5» 

18' 

6' 

18' 

5» 

18' 

5» 

18' 

6' 

18' 

87.6 

65.0 

67.8 

66.2 

73.4 

59.8 

68.0 

65.0 

71.8 

58.7 

66.4 

64.3 

73.3 

58.3 

86.6 

64.5 

73.4 

59.0 

86.8 

64.4 

71.1 

58.2 

8S.4 

63.6 

67.0 

66.2 

68.2 

66.1 

68.7 

62.8 

66.8 

65.1 

67.8 

61.8 

65  2 

64.4 

87.1 

61.2 

86.8 

64.8 

88.8 

61.5 

86.5 

64.6 

86.0 

60.5 

66.8 

63.8 

64.S 

62.3 

86.8 

65.3 

67.1 

66.9 

84.4 

63.2 

88.1 

55.2 

83.5 

62.3 

88.8 

54.2 

63.3 

62.3 

68.6 

64.2 

63.0 

61.9 

64.8 

53.2 

82.2 

61.4 

68.7 

64.0 

84.3 

64.0 

78.1 

61.0 

85.1 
64.0 

78.8 

59.9 

66.6 

63.6 

78.6 

59.2 

66.8 

63.7 

77.3 

59.1 

68.0 

63.4 

78.7 

57.8 

66.7 

62.6 

69.4 

65.9 

84.6 

64.5 

77.3 

64.6 

88.1 

65.8 

77.4 

63.7 

68.2 

65.3 

77.2 

63.0 

67.0 

65.4 

76.8 

63.0 

87.1 

65.1 

78.7 

61.5 

68.4 

64.2 

78.S 

67.6 

86.0 

64.9 

78  2 

67.3 

67.3 

66.9 

75.6 

67.0 

87.5 

66.7 

76.1 

66.3 

00.2 

66.9 

75.8 

66.1 

68.2 

66.6 

72.4 

65.1 

67.7 

65.8 

71.4 

68.6 

66.5 

65.3 

78.8 

67.9 

67.6 

67.2 

78.8 

67.6 

67.6 

67.0 

78.2 

67.0 

00.2 

67.2 

77.8 

66.6 

68.3 

66.6 

75.8 

65.7 

88.4 

66.0 

71.8 

69.5 

68.1 

65.4 

73.3 

68.7 

68.0 

67.4 

74.3 

68.0 

68.6 

67.3 

75.8 

67.8 

68.5 

67.5 

75.6 

67.8 

68.8 

67.4 

73.6 

66.9 

68.6 

66.9 

70.1 

67.9 

68.8 

66.0 

74.4 

65.3 

67.8 

B6.5 

74.1 

64.8 

67.6 

66.2 

78.4 

64.0 

67.6 

66.2 

73.8 

64.1 

87.2 

66.0 

n.8 

63.2 

67.1 

65.8 

71.8 

67.0 

86.5 

65.5 

78.8 

64.6 

88.2 

65.1 

78.2 

64.5 

88.0 

65.0 

78.0 

64.2 

68.6 

65.1 

78.8 

64.1 

87.1 

65.1 

78.8 

63.3 

67.8 

64.8 

73.6 

70.0 

88.4 

65.6 

81.7 

69.0 

87.7 

66.4 

81.5 

68.8 

87.6 

66.4 

83.8 

09.0 

88.2 

67.2 

83.8 

60.0 

78.0 

67.5 

81.7 

68.2 

70.8 

67.6 

74.6 

71.1 

88.8 

66.6 

83.3 

09.2 

88.4 

68.5 

63.0 

67.9 

88.4 

68.3 

83.8 

67.7 

70.5 

69.0 

83.4 

68.0 

71.2 
60.2 

88.0 

67.6 

71.2 
69.0 

72.0 

60.3 

87.7 

67.4 

78.8 

66.0 

78.1 

68.4 

79.6 

64.7 

70.0 

68.3 

78.4 

63.6 

70.2 

68.5 

78.0 

63.5 

70.1 

68.2 

74.8 

63.0 

68.1 

67.2 

71.6 

67.6 

87.8 

67.2 

80.1 

64.1 

68.1 

67.6 

80.2 

63.0 

68.4 

67.0 

78.8 

61.8 

00.4 

67.0 

78.4 

61.5 

68.8 

66.1 

75.8 

60.5 

67.6 

65.0 

68.2 

68.0 

67.6 

67.1 

73.2 

66.0 

68.8 

67.2 

73.3 

65.1 

88.2 

67.0 

73.3 

64.0 

68.5 

67.1 

73.0 

63.6 

63.8 

66.4 

71.1 

62.6 

88.4 

65.3 

71.1 

70.3 

67.1 

67.0 

73.5 

70.4 

89.8 

68.3 

73.4 

70.1 

88.2 

68.1 

78.0 

69.4 

88.4 

68.7 

n.4 

69.4 

68.3 

68.5 

71.8 

68.7 

68.8 

68.1 

72  2 

69.5 

67.4 

67.0 

77.0 

68.0 

68.3 

67.4 

77.8 

67.5 

68.2 

67.3 

78.8 

67.4 

68.7 

67.5 

79.5 

67.3 

88.0 

67.2 

78.2 

66.1 

80.2 

67.0 

7S.2 

69.7 

68.3 

67.4 

78.2 

66.6 

80.0 

67.8 

78.0 

66.2 

88.8 

67.4 

88.4 

66.0 

76.6 

67.9 

88.6 

65.9 

70.6 

67.9 

78.6 

65.2 

70.8 

67.5 

71.8 

69.8 

68.7 

68.3 

72.6 

66.0 

88.8 

68.5 

74.1 

66.0 

68.2 

68.1 

78.8 

65.8 

68.7 

68.9 

76.1 

65.4 

68.0 

68.9 

73.7 

64.9 

88.4 

68.2 

88.6 

66.3 

68.4 

67.2 

71.4 

62.0 

67.8 

66.3 

71.4 

61.5 

67.5 

65.6 

71.7 

61.0 

67.8 

66.7 

71.4 

61.0 

87.4 

66.2 

68.6 

59.9 

88.2 

65.3 

68.1 

64.3 

67.5 

66.2 

78.4 

60.1 

68.6 

64.8 

78.4 

59.8 

65.8 

64.3 

88.0 

50.4 

88.0 

64.8 

78.6 

59.6 

88.2 

64.3 

78.3 

58.4 

88.0 

63.2 

78.0 

72.7 

87.6 

65.9 

83.7 

72.6 

71.3 

70.0 

63.1 

72.2 

71.8 

70.2 

82.3 

71.6 

72.4 

70.9 

81.8 

71.9 

73.0 

71.0 

78.0 

71.0 

73.1 

70.8 

72.8 

68.8 

88.8 

00.0 

72.0 

t\J.£ 

88.8 

AR  1 
DO.O 

71.8 

7n  1 
lU.l 

78.8 

Ai.  O 

71.5 

fO.O 

78.0 

63.8 

71.2 

AO  9 

75.0 

JXi.i 

78.7 

Afi  9 

76.0 

66.9 

68.0 

67.8 

68.1 

63.2 

70.0 

06.1 

86.8 

63.2 

80.8 

66.9 

66.8 

62.8 

68.7 

66.6 

86.8 

62.3 

68.8 

66.0 

63.7 

61.0 

67.8 

65.0 

87.7 

65.4 

67.6 

67.3 

78.8 

62.0 

88.3 

65.4 

71.6 

61.8 

88.8 

65.3 

71.1 

61.0 

65.8 

65.3 

71.7 

80.7 

86.4 

04.9 

70.5 

60.0 

85.1 

63.8 

84.8 

62.3 

68.3 

64.9 

63.4 

57.0 

84.8 

62.6 

63.5 

55.7 

64.3 

62.1 

63.0 

54.8 

64.0 

62.2 

63.0 

55.4 

63.8 

61.8 

63.1 

55.3 

62.0 

61.0 

89.2 

62.7 

84.7 

64.3 

88.2 

60.6 

63.8 

62.2 

88.8 

61.1 

64.2 

61.8 

82.0 

61.3 

65.5 

62.3 

81.8 

61.3 

86.6 

62.1 

78.8 

60.6 

88.8 

61.5 

2.82 

0.63 

18.73 

1.22 

11.28 

1.37 

12.34 

1.48 

12.87 

1.86 

10.77 

2.  IS 

,/Mix  

MMin  

9 /Max  

2 1  Min  

3 /Max  

^VMin  

r/Max  

ft /Max  

®\Min  

7  [Max  

^\Min  

,n  f  Max  

Min  

•^{S!?.;;;; 
•3{ffi?;.:::: 
"{SI?;.::;: 

«{ss:....; 

"{SS;,;;:: 
"{!!!?:••:; 
"{SSr.:;:; 
^{SS?;.::;; 
«{!!!?.•.•.•.•; 
^{Sl?;.:;:; 
23{S!?;.::;; 

91 /Max  

"{SS.:;:: 
^{^■:::: 
»{S!?.;;:; 
3o{Sl?;,:::; 
»Mm.".:.:. 
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TABLE  64.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOILS.   DAILY  MAXIMUM  AND  MINI- 
MUM. SEPTEMBER.  1912. 


Date— Maximum,  minimum. 


[Max. 

IMin. 

fMtx. 

IMin.. 

/Max. 

\Min.. 


Min. 


Max. 

Min. 


Max. 

Min. . 


Max. 

Min.. 


Max. 

Min.. 


Max 

Min.. 


Min. 


Max. 

Min.. 


Max. 

Min.. 


Max. 

Min.. 


Max. 

Min. 


Max. 

Min.. 


Max. 

Min.. 


Max. 

Min.. 


Max. 

Min.. 


Max. 

Min. 


Max 

Min.. 


'  Max. 

\  Min. . 

J  Max . 

\Min.. 

Max 

;  Min . . 

rMax. 

IMin. 

/Max. 

IMin. 


Monthly  rano*   2.55 


PMt. 

6.95% 
Org.  Mat 

5.47% 
Or«.  Mat 

3.32% 
Org.  Mat. 

2.01% 
Org.  Mat 

1.61% 
Org.  Mat 

18' 

5' 

16' 

5* 

18' 

5' 

18' 

5» 

18' 

18' 

78.0 

71  5 

66.2 

65  8 

84.6 

72  2 

69.9 

68  7 

86.1 

79  n 

76.7 

AO  n 

09. u 

84.9 

79  n 

71.8 

AO  A 
W.Xj 

84.1 

72.0 

72.1 

69.7 

81.6 

71 .4 

72.6 

60.7 

75.9 

72  3 

67.1 

66  6 

84.0 

7n  Q 

70.5 

7n  n 

lU.U 

84.1 

AO  S 
OW  .8 

76.9 

7n  n 
f  u.u 

83.6 

Afi  S 
OS. 5 

71.5 

7n  9 

iU.O 

82.8 

68.8 

72.0 

70.1 

66.0 

68.2 

72.9 

70. 0 

76.2 

72  7 

69.0 

68  3 

82.2 

70  9 

71.6 

70  8 

82.8 

7n  n 
/u.u 

71.5 

71  n 
1 1  .u 

82.8 

AO  n 
ov  .u 

71.6 

7n  s 

lU.S 

81.8 

69.0 

71.7 

7A  fl 
70. o 

79.4 

68.0 

71.7 

60.9 

76.1 

72  8 

69.4 

69  3 

60.6 

70  4 

71.4 

7n  i, 

lU.* 

82.3 

lU.U 

71.8 

70  A 

84.6 

AO  A 
Dv.4 

72.5 

7n  A 

82.6 

69.2 

72.6 

70.3 

76.3 

68.1 

72.6 

70. 0 

76.0 

72  8 

69.7 

69  5 

84.2 

09  7 

71.4 

70  7 

84.7 

69  4 

71.4 

7n  A 

lU.O 

64.3 

Afi  fi 
OS  .S 

72.4 

7n  c 

84.0 

68.8 

72.8 

70.4 

83.4 

68.0 

73.1 

70.1 

76.3 

73  0 

79.1 

69  9 

85.2 

70  2 

72.0 
71  4 

85.8 

09  3 

72.2 

71 

/  1  .o 

84.6 

Afi  n 
OS  .u 

72.2 

71  1 
1 1  .o 

83.6 

Afi  7 
OS.  / 

72.7 

f  1  .O 

81.9 

68  5 

73.6 

71  2 

75.8 

72  0 

70.0 
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TABLE  ftS— EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOILS. 

MUM.  OCTOBER.  1912. 


Date— Maximum,  mfi^jf^^mp. 


PMt 

9.1 
Org. 

OtgflilUt 

3.S 
Org. 

2.91% 
Org.  Mat 

Org.'i^t 

5* 

19* 

5* 

18' 

5* 

5* 

18' 

5' 

16* 

5' 

16' 

54.S 

M.4 

57.5 

56.6 

99.4 

45.6 

54.8 

54.3 

99.9 

45.0 

54.9 

53.6 

69.2 

44.3 

56.3 

53.7 

99.3 

44.8 

66.2 

63.2 

68.9 

44.3 

54.8 

51.9 

53.6 

50.6 

58.3 

56.2 

91.1 

45.8 

55.3 

64.7 

91.3 

45.3 

54.9 

54.2 

82.9 

44.0 

56.9 

54.2 

82.1 

44.6 

66.4 

63.7 

99.4 

44.3 

66.1 

52.3 

52.7 

51.8 

58.7 

66.0 

54.9 

60.0 

55.8 

55.3 

54.9 

49.9 

56.9 

55.0 

54.9 

60.2 

55.9 

65.0 

54.8 

60.3 

56.4 

54.6 

64.9 

40.6 

54.9 

53.7 

57.9 

52.8 

56.9 

55.5 

91.9 

60.0 

55.8 

55.0 

82.2 

49.7 

55.5 

55.0 

62.7 

49.2 

58.8 

55.1 

61.9 

49.3 

58.9 

54.7 

99.4 

48.9 

58.6 

63.8 

57.2 

53.3 

58.9 

55.7 

94.3 

48.8 

58.5 

55.9 

94.7 

47.3 

58.9 

55.7 

65.8 

47.8 

57.4 

66.3 

94.9 

47.2 

68.2 

54.6 

83.4 

47.7 

58.1 

54.5 

59.8 

67.5 

58.6 

56.0 

92.2 

57.9 

69.9 

58.4 

91.9 

57.4 

58.4 

58.6 

61.7 

56.8 

69.9 

68.9 

91.5 

67.4 

69.9 

68.9 

58.9 

57.3 

68.9 

68.4 

53.4 

52.2 

58.7 

56.4 

53.4 

47.0 

57.4 

66.3 

53.9 

46.9 

57.5 

66.4 

54.4 

44.8 

57.9 

54.5 

54.9 

45.0 

58.2 

63.8 

52.1 

44.4 

64.9 

62.9 
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55.6 

55.2 

58.3 

49.3 

54.2 

53.8 

58.7 
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54.1 

53.0 
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49.0 

54.2 

53.2 

58.2 

48.7 

54.9 

62.9 

56.2 
48.0 

13.8 

61.8 

54.9 

53.8 

55.8 

55.5 

54.7 

53.2 

55.4 

55.0 

54.8 

52.8 

65.3 

54.9 

54.9 

52.7 

56.4 

54.8 

54.5 

52.8 

55.1 

54.6 

53.9 

61.9 

54.5 

54.0 

57.1 

54.5 

55.7 

55.4 

69.1 

54.1 

55.3 

54.8 

69.9 

53.9 

56.8 

54.5 

59.9 

53.4 

58.3 

56.0 

69.5 

63.8 

58.9 

54.8 

58.8 

62.0 

58.2 

54.2 

59.2 

55.6 

58.9 

55.4 

58.7 

54.2 

57.9 

56.5 

58.1 

53.4 

57.3 

55.8 

56.9 

52.8 

57.4 

55.7 

66.1 

52.5 

57.2 

55.7 

54.8 

61.7 

58.8 

66.1 

49.9 

48.5 

58.1 

53.4 

59.8 
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49.0 

53.1 

37.0 
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52.4 
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51.9 

51.0 

57.4 

51.3 

52.9 

51.3 

58.9 

51.6 

63.2 

51.5 

59.8 

52.5 

53.9 

51.8 

58.6 

51.5 
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61.6 

S7.4 
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54.4 
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53.4 

57.4 
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58.8 

61.7 
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49.2 

47.4 

52.3 

50.4 

45.6 

44.6 

51.5 

50.3 

44.3 

43.9 

51.1 

49.2 

43.9 

42.4 

51.6 

49.0 

43.9 

42.8 

68.2 

48.8 

43.5 

.42.7 

49.9 
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45.3 
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52.2 

47.9 

39.6 

59.3 
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49.9 
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48.9 

47.2 
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37.0 

48.3 

47.9 

48.7 
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47.3 

46.0 

46.5 

44.7 
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51.3 

49.8 

38.3 
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49.9 

37.3 

48.1 

47.2 

59.9 

36.1 
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46.9 

59.8 

36.5 

48.1 

46.3 

68.9 

36.3 
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46.0 
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39.6 
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48.2 

49.9 

38.8 

48.6 
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46.9 
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49.6 
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46.1 

68.4 

48.8 

49.5 

46.3 

49.9 

40.3 

44.9 

44.2 

49.9 

49.1 

44.4 

43.8 

49.9 

48.9 

44.9 

42.6 

48.8 

48.9 

44.9 

42.8 

49.4 

48.3 

42.9 

42.4 

48.7 

47.5 

44.9 

43.3 

49.9 

49.4 

49.4 

38.3 

48.9 

46.8 

49.3 

37.8' 

47.9 

46.1 

39.9 

36.1 

47.4 

46.8 

39.9 

86.9 
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46.0 

38.9 

86.2 
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TABLE  66.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  SOILS. 

MUM.  NOVEMBER.  1912. 


Date— Maximum,  minimum. 


PMt 

6.96% 
Org.  Mat. 

5.47% 
Org.  liat 

s.a 

?2t 

2.01% 
Or9.M«t 

Orgflut. 

6' 

18' 

5' 

18' 

6» 

18' 

18' 

6' 

16' 

5' 

18' 

41.0 

39.5 

49.1 

48.6 

37.1 

35.9 

45.8 

44.4 

36.2 

35.4 

44.8 

43.7 

35.3 

34.9 

44.4 

43  0 

36.4 

34.9 

43.9 

42.5 

34.8 

34.4 

42.2 
41  1 

3S.5 

38  2 

47.9 

47.1 

36.8 

35.1 

43.1 

42.7 

35.1 

34.7 

42.8 

42.2 

34.3 

^6 

42.4 

41.8 

34. 6 

33  4 

41.7 

40  9 

33.7 

32.9 

3S.0 

39  2 

37.0 

36.8 

45.0 

44.5 

40.4 

35.9 

42.6 

42  3 

40.9 

35.3 

42.1 

42.0 

41.1 

34.9 

42.0 

41.7 

41.6 

34  8 

41.7 

40.8 

40.9 

33  8 

4t.9 

39.3 

41. a 

39.1 

44.6 

43.9 

47.2 

39.9 

43.9 

43.4 

47.9 

39.8 

44.1 

43.3 

48.8 

39.4 

44.6 

43.4 

48.8 

39.2 

44.3 

42.9 

47.9 

^9 

44.2 

42.2 

47.1 

44.8 

44.8 

44.2 

49.6 

47.9 

47.1 

45.9 

49.9 

48  3 

47.4 

46.4 

49.5 

48.3 

48.1 

46.9 

49.4 

48.3 

48.1 

46.8 

49.1 

47.8 

47.6 

46  6 

46.3 

45.0 

45.8 

45.2 

46.8 

44.0 

47.8 

47.3 

47.0 

43.7 

47.9 

47.2 

47.0 

42.2 

47.9 

47.4 

46.9 

42.5 

47.6 

47.2 

46.4 

41.8 

47.6 

46.4 

43.3 

42.0 

46.2 

45.9 

44.2 

39.4 

46.3 

45.7 

44.1 

38.6 

45.7 

45  3 

44.4 

38.0 

45.7 

44.8 

44.3 

38.1 

45.7 

44.2 

43.1 

37.3 

46.0 

43  0 

42.7 

42  2 

46.4 

46.0 

43.0 

40.0 

45.8 

45.2 

43.0 

39.9 

46.7 

45.1 

43.8 

39.2 

46.3 

45.1 

43.4 

39.1 

45.0 

44.8 

42.4 

38.4 

44.2 

43.8 

45.2 

42.7 

45.7 

45.1 

61.3 

42.5 

45.7 

45.0 

51.8 

41.8 

46.1 

45.0 

52.8 

42.0 

46.7 

44.9 

52.6 

42.0 

46.6 

44.6 

51.8 

41.4 

48.6 

43.0 

49.5 

47.5 

46.2 

45.8 

63.1 

49.7 

48.9 

48.0 

53.2 

49.7 

48.9 

48.1 

53.7 

49.9 

49.7 

48.4 

53.5 

49.7 

49.6 

48.3 

62.8 

49  2 

46.6 

48  1 

61.0 

50.1 

48.3 

46.9 

52.3 

47.4 

60.7 

49.7 

52.3 

46.3 

61.0 

49.9 

52.2 

45.1 

51.2 

50.4 

52.3 
45  0 

61.8 

50.3 

61.7 
44.4 

61.1 

50.0 

44.9 

42.9 

48.6 

48.0 

39.6 

38.0 

48.0 

46.7 

36.9 

37.4 

47.8 

46.1 

37.6 

36.4 

47.3 

45.8 

37.8 

36.4 

48.8 

45.8 

37.0 

35.6 

4S.4 

43  8 

41.2 

40.0 

48.1 

47.8 

38.4 

35.9 

45.0 

44.2 

37.4 

35.4 

44.4 

43.8 

S6.7 

34.1 

44.2 

43.4 

36.4 

34.1 

43.3 

42.5 

35.0 

32  9 

41.8 

41.2 

38.9 

37.8 

47.1 

45.8 

35.8 

34.2 

43.7 

42.2 

36.0 

33.5 

42.9 

41.6 

33.7 

32.8 

42.8 

41.3 

33.7 

32.5 

42.0 

40.3 

32.2 

31.2 

46.2 

38.7 

37.8 

37.3 

43.8 

43.0 

39.9 

36.1 

42.1 

41.9 

39.9 

35.7 

42.0 

41.6 

39.1 

34.2 

42.0 

41.3 

39.4 

34.0 

41.4 

40.4 

38.6 

33.0 

40.0 

39.0 

39.0 

37.6 

43.4 

43  2 

42.6 

36.4 

42.2 

41.9 

42.8 

36.2 

42.0 

41.7 

42.7 

35.0 

42.6 

41.5 

42.7 

34.9 

42.1 

41.0 

42.1 

34.1 

41.8 

39.7 

39.1 

38.1 

43.1 

43.0 

42.5 

36.5 

42.6 

42  2 

42.7 

36.2 

42.4 

42  0 

42.7 

36.4 

42.3 

41.7 

42.8 

35.9 

42.1 

41.0 

42.2 

34.0 

41.8 

39.7 

40.5 

39.6 

42.6 

42.0 

43.3 

40.5 

42.8 

42.4 

44.5 

40.8 

42.8 

42.2 

45.6 

40.3 

43.2 

42.6 

45.8 

40  5 

43.0 

42  3 

45.0 

40.0 

42.6 

41.9 

39.3 

38.8 

43.0 

42.8 

39.3 

36.3 

43.0 

42.8 

39.4 

36.0 

42.9 

42.6 

39.9 

35.6 

42.6 

42.3 

39.8 

35  6 

41.9 

41.4 

39.3 

34.6 

46.5 

40.0 

37.0 

36.7 

42.5 

42.5 

36.2 

34.0 

40.8 

40.0 

34.9 

33.9 

40.5 

40.0 

34.2 

33.0 

40.1 

38.7 

34.2 

32.9 

39.3 

38.2 

33.2 

32.0 

38.3 

36.8 

36. 1 

36.0 

41.9 

41.6 

34. 1 

34.0 

39.5 

39.4 

34.1 

34.0 

39.3 

39.2 

33.4 

33.2 

39.0 

38.9 

33. 1 

32.9 

38.3 

38.1 

32.0 

32.0 

S7.S 

37  1 

S5.8 

35.6 

41.4 

41.3 

34.2 

34.2 

39.2 

39.0 

34.2 

34  0 

39.1 

39.0 

34.0 

33.6 

38.7 

38.6 

33.2 

33.1 

38.2 

37.9 

32.2 

32  2 

38.8 

36  8 

36.1 

35.9 

41.8 

41.5 

34.8 

34.7 

39.6 

39.4 

34.6 

34.5 

39.2 

39.1 

34.0 

34.0 

39.1 

39.0 

33.8 

33.8 

38.5 

38.3 

33.0 

32.9 

37.3 

37.3 

35.8 

35.2 

41.2 

40.7 

34.5 

34.0 

39.3 

38.8 

34.2 

33.5 

39.1 

38.5 

33.4 

33.0 

38.9 

38.3 

33.4 

32.8 

38.3 

37.8 

32.4 

31.6 

87.2 

36.4 

1.06 

0.50 

3.01 

0.41 

3.31 

0.99 

3.78 

1.00 

3.83 

0.95 

3.81 

I.2S 

'  \Min  

-^IMin  

.  f  Mtx  

*lMin  

E  fMax  

^  I  Miu  

-/Max.... 

^  1  Min  

7 /Mix  

^IMin  

o  f  Max  

^  \  Min  

nflitX  

^\Min  

lojS??;;;;: 

n/Mtx  

"iMin  

,4/Mtx  

"  1  Min  

,,5/Mtx  

*^  I  Main  

^^IMin  

,7/Mtx  

19  (Min.-.:::; 

Oft/Max  

2"  \  Min  

2»{m".:;.-: 

^{^^::::: 
2«{Jl5r;.:::: 
27{5";.:::: 

3o{5g.-.:::: 

Monthly  range 
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TABLE  67 -EFFECrr  OF  ORGANIC  MATTER  ON, TEMPERATURE  OF  S0IL3.    DAILY  MAXIMUM  AND  MINI- 

MUM.  DECEMBER,  1912. 


PMt 

8.06% 
Org.  Mat 

6.47% 
Org.  M«t 

8.32% 
Org.  Mtt 

2.01% 
Org.  Mat 

oli.*itaL 

6' 

I8» 

6* 

18* 

6' 

18' 

6' 

18* 

6' 

18' 

6* 

18* 

40.6 

38.4 

40.3 

40.1 

44.0 

41.1 

42.2 

40.2 

46.9 

40.4 

42.8 

40.6 

47.1 

38.7 

43.0 

41.7 

47.0 

38.9 

43.8 

41.6 

48.4 

38.1 

42.0 

41.4 

30.8 

37.5 

41.0 

40.8 

37.0 

36.2 

41.9 

41.1 

38.0 

36.0 

41.8 

40.6 

36.6 

35.0 

41.4 

40.3 

36.6 

35.0 

40.8 

30.6 

84.0 

34.0 

30.0 

38.4 

37.6 

36.6 

40.9 

40.2 

30.0 

37.0 

40.1 

39.9 

39.3 

37.0 

80.0 

39.8 

40.2 

36.8 

40.1 

39.8 

40.0 

36.6 

30.0 

39.4 

SO.I 

36.0 

30.4 

38.4 

37.8 

36.5 

40.8 

40.2 

42.7 

35.5 

40.2 

39.9 

43.8 

35.3 

40.3 

39.7 

44.4 

35.0 

40.5 

39.5 

44.3 

34.8 

40.8 

39.0 

43.8 

33.6 

30.7 

88.0 

41.8 

39.6 

41.0 

40.9 

43.0 

37.7 

42.0 

42.1 

42.7 

37.0 

42.8 

42.0 

41.4 

36.0 

43.2 

41.9 

41.6 

35.8 

43.2 

41.5 

48.0 

34.9 

48.1 

40.4 

37.7 

36.9 

41.3 

40.9 

36.6 

34.9 

40.9 

40.0 

36.0 

34.3 

40.0 

39.6 

33.0 

33.4 

40.2 

39.4 

33.0 

33.3 

80.( 

38.7 

32.8 

32.5 

38.4 

37.5 

36.0 

34.6 

40.8 

40.3 

33.1 

33.1 

38.6 

38.2 

82.0 

32.6 

38.3 

37.9 

31.7 

31.2 

38.1 

37.7 

31.4 

30.8 

87.2 

36.9 

30.8 

20.6 

36.8 

35.6 

34.4 

33.7 

40.0 

39.2 

32.8 

31.9 

37.7 

37.1 

32.4 

31.5 

37.4 

36.8 

32.0 

30.7 

37.2 

36.7 

31.8 

30.4 

80.4 

36.2 

81.1 

29.3 

36.8 

34.9 

.  84.6 

33.4 

30.8 

38.9 

33.2 

32.2 

37.9 

37.1 

32.9 

31.6 

37.7 

36.7 

32.1 
30.4 

37.8 

36.6 

81.0 

30.4 

38.8 

35.9 

81.1 

29.2 

86.8 

34.8 

33.6 

33.1 

38.9 

-38.4 

31.3 

30.6 

37.1 

36.4 

20.4 

29.0 

88.6 

36.3 

27.8 

26.4 

88.4 

35.9 

28.0 

26.r 

85.0 

35.0 

26.7 
24.4 

84.8 

33.6 

32.8 

32.6 

38.4 

37.9 

30.0 

29.5 

38.2 

35.8 

80.7 

28.0 

36.9 

35.5 

30.6 

26.3 

36.6 

35.2 

30.0 

26.1 

34.8 

34.3 

20.8 

24.9 

33.3 

33.1 

.  32.8 

.  31.6 

37.8 

36.7 

31.2 

29.5 

36.9 

34.9 

31.2 

28.4 

36.7 

34.6 

81.8 

26.6 

36.4 

34.3 

81.4 

26.5 

34.7 

33.5 

80.8 

25.2 

83.2 

31.9 

.  32.3 

.  32.0 

38.8 

36.7 

31.4 

31.3 

36.2 

35.0 

31.6 

31.3 

36.0 

34.8 

81.4 

31.3 

36.0 

34.9 

81.3 

31.2 

34.4 

34.3 

31.4 

30.5 

33.2 

33.1 

32.6 

32.2 

36.9 

36.7 

31.7 

31,3 

35.6 

35.2 

31.9 

31.6 

36.2 

35.0 

32.1 

31.6 

36.8 

35.0 

32.8 

31.4 

35.0 

34.8 

34.1 

30.7 

34.3 

33.4 

33.1 

32.9 

37.4 

37.2 

32.4 

32.2 

38.2 

35.9 

32.7 

32.4 

36.0 

35.7 

32.7 

32.4 

38.0 

35.9 

38.8 

32.8 

36.0 

35.7 

32.8 

32.1 

36.0 

34.9 

33.2 

33.0 

37.3 

37.0 

32.4 

32.2 

38.4 

35.9 

32.8 

32.3 

30.2 

35.9 

33.0 

32.9 

88.4 

36.1 

33.0 

32.9 

36.0 

35.8 

32.0 

32.0 

36.1 

34.9 

33.1 

32.9 

37.3 

36.9 

32.4 

32.1 

38.1 

35.8 

32.8 

32.2 

36.0 

35.6 

32.0 

32.6 

38.2 

35.9 

32.7 

32.3 

36.0 

35.6 

31.6 

31.2 

34.8 

34.5 

33.1 

33.0 

37.1 

36.9 

32.7 

32.5 

38.0 

35.9 

32.9 

32.7 

38.1 

35.9 

32.9 

32.7 

38.3 

36.2 

32.8 

32.7 

36.8 

35.7 

31.8 

31.6 

34.8 

34.6 

32.9 

31.9 

30.8 

35.9 

32.4 

31.3 

35.9 

35.0 

31.9 

31.2 

36.9 

35.0 

31.6 

31.1 

36.9 

35.1 

38.9 

30.5 

36.8 

34.5 

80.1 

20.2 

34.3 

33.2 

32.1 

31.9 

38.0 

35.8 

31.3 

31.1 

35.2 

35.0 

31.4 

31.1 

36.0 

34.9. 

31.2 

31.0 

36.0 

34.9 

31.1 

30.7 

34.7 

34.1 

88.2 

29.7 

38.4 

33.0 

32.7 

32.3 

38.4 

36.2 

31.8 

31.1 

36.8 

35.2 

31.9 

30.5 

36.4 

35.0 

31.8 

29.8 

35.3 

35.1 

31.8 

28.9 

36.0 

34.6 

38.0 

27.3 

38.8 

33.2 

32.9 

32.6 

38.8 

36.4 

32.4 

32.0 

36.9 

35.7 

32.7 

31.9 

36.8 

35.4 

32.3 

32.1 

36.9 

35.5 

32.2 

32.1 

35.2 

35.1 

81.4 

30.9 

34.2 

34.2 

.  32.0 

32.1 

38.8 

36.0 

31.4 

31.3 

36.9 

35.0 

31.3 

30.4 

36.7 

35.0 

31.2 

29.8 

36.8 

34.9 

31.2 

28.1 

36.0 

34.1 

30.6 

26.1 

34.0 

33.1 

.  33.2 

32.4 

38.4 

36.1 

32.2 

31.8 

36.7 

35.2 

32.3 

31.9 

36.6 

35.0 

32.4 

32.1 

36.4 

35.0 

32.2 

31.8 

36.0 

34.7 

81.8 

31.0 

33.0 

33.3 

.  32.2 

.  31.4 

38.0 

35.5 

32.0 

31.2 

36.1 

34.4 

32.0 

31.4 

36.0 

34.2 

81.9 

31.2 

36.0 

34.3 

81.8 

31.2 

34.7 

83.0 

Sl.l 
30.4 

83.8 

82.0 

.  0.70 

0.43 

1.24 

0.68 

1.66 

0.60 

1.91 

0.67 

2.08 

0.83 

2.43 

8.74 

Date — Maximum,  minimum. 


Max. 

MiD. 


Max. 

Min.. 


MiD. 

Max. 


Max. 

Min. 


Min. 


Max. 

Min. 


Min. 

Max. 

Min.. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min.. 


Max. 

Min.. 


Max. 

Min.. 


Max. 

Min. 


Min. 


Max. 

Min. 


Min. 


Max. 

Min.. 


Max. 

Min.. 


Max. 

Min. 


Max. 

Min. 


Max. 

Mjn.. 


Max. 

Min.. 


Min. 


Monthly  i 
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TABLE  68— EFFECT  OF  ORGANIC  MATTER  ON 

MUM. 


TEMPERATURE  OF  SOIW. 
JANUARY.  1913. 


DAILY  MAXIMUM  AND  MINI- 


Date— Maximum,  minimum. 


I  /  Max  

*  \  Min  

of  Mm  

^  \  Min  

of  Mm  

^iMin  

4 /Mm  

*\Min  

A /Mm  

7 /Mm  

'  IMin  

ft  [Mm  

^IMin  

q/Mm....".. 

*  1  Min  

in  /  Max  

\  Min  

"{SSfv.;::: 
"  {as- 

"{S!?;.::::: 
•«{!!!?,.::::. 

I  Min  

,7fMM  

IMin  

,o/Mm  

«n  f  Mm  

^  I  Min  

oai  Mm  

23  \  Min  

54  f  Max  

2*  [Min  

»{as::;::;: 

oq/Mm  

2^1  Min  

^'iMin  

o,  Mm  

3*  \  Min  

Monthly  ranve 


P«at 

6.66% 

PMt 

5.47% 

PMt. 

3.32% 
pott 

2.61% 

PMt. 

1.81% 
Pool 

S' 

18' 

5' 

18' 

5' 

18' 

5' 

16' 

5' 

18' 

5' 

16' 

31.9 

31.7 

35.7 

35.6 

31.7 

31.2 

34.6 

34.6 

31.6 

9^  a 
94. V 

34.5 

91  A 
9I.O 

31.3 

35.6 

34'.6 

31.5 

3r2 

84.8 

34!o 

36  8 

30!3 

33.3 

33*1 

31.9 

31  7 

35.7 

35  3 

31.6 

31  3 

94.* 

34  7 

91. • 

31.6 

tA  a 

34.7 

11  A 
•  I.W 

31.2 

34  9 

347 

31.6 

31^3 

34  3 

34^1 

86  6 

30.4 

S3  4 

332 

32.6 

32.1 

36.6 

35.8 

32. 1 

31  7 

99.9 

35  0 

92.9 

31  8 

IK  9 
90.9 

35  0 

99  9 
92.2 

31.9 

K  5 

35^0 

32.2 

3r6 

34  6 

34^5 

31  1 

30!9 

34  6 

33^5 

32.6 

32  2 

38.6 

35.8 

32.2 

31  9 

99,9 

35.0 

9a.  U 

31.9 

9R  9 
90.2 

35.0 

92. W 

31.8 

35  4 

35!o 

31.6 

3L6 

34  6 

34*8 

31.3 

3i!o 

34.6 

33  7 

31.9 

31.3 

36.6 

35.3 

31.7 

31.1 

35. 1 

34.3 

91. 0 

31.2 

%A  a 

94.  V 

34.1 

31  9 

3i!o 

34  9 

34!o 

31.7 

30*9 

34.3 

32^8 

31  6 

29'.9 

33.2 

82.2 

32.9 

32.3 

36.5 

36.2 

32.2 

31.9 

35.6 

35.2 

•9  1 

9«.  1 

31  9 

9R  7 
90. 1 

35.1 

91  0 
91. 0 

31.7 

35  8 

35.1 

31.9 

Zl.S 

35  6 

347 

31  6 

30!4 

34  i 

33!7 

32.8 

32.8 

36.4 

36.4 

32.6 

32  6 

35.7 

35.7 

19  V 

92.9 

32.3 

9K  9 

90.9 

35  3 

32.3 

32^3 

36  3 

35^3 

82. 1 

32!l 

34  6 

34^9 

31. 1 

3l!l 

34.6 

34.0 

32.6 

31  7 

35.4 

35.2 

31.4 

31.3 

34.7 

34.4 

•  19 

91. Z 

31.1 

94  7 
94.  * 

34.3 

91  1 
91.1 

31.0 

34  7 

34^5 

31  1 

30!9 

84.2 

34!o 

36  1 

29!7 

83  3 

33^0 

32.3 

32  1 

35.9 

35.7 

31.6 

31.6 

35. 1 

34  9 

91.0 

31.4 

Ha  a 

94.0 

34.8 

31  4 

3l!3 

34  6 

34^7 

81.3 

3r3 

34  6 

34!l 

36.7 

30!l 

33.7 

33.2 

32. 1 

32  0 

35.7 

35.6 

32.6 

31.9 

34.9 

34.7 

■9  1 

92. 1 

31.9 

94  7 

94. 1 

34.5 

99  1 

92*  1 

32  0 

34.7 

34^5 

31.6 

3L7 

84  4 

34!  1 

31.2 

31  !o 

33.8 

33.2 

32.5 

32.3 

35.9 

35.7 

32.6 

32.3 

35. 1 

34.9 

•9  K 

92.0 

32.3 

9lk  9 
90.2 

35  0 

32.5 

32^4 

34  9 

34'9 

32  4 

32^2 

34.6 

34!? 

36  i 

29*1 

38  8 

33!  7 

32.6 

31.9 

36.6 

35.6 

32.8 

32.1 

35.2 

34.8 

99  R 

92.0 

31.8 

9K  1 
90.  1 

34.8 

99  A 
92.4 

31.9 

35. 1 

34^9 

32  4 

3L6 

84  8 

34*2 

36  6 

29!9 

83  8 

33*0 

32.4 

32.0 

36.6 

35.6 

32.8 

32.1 

35.2 

34.8 

•9  a 

92.9 

31.8 

9K  9 
90.2 

34.9 

99  A 
92.4 

32.0 

35.2 

34!9 

32  3 

3l!4 

84  7 

34^3 

31.2 

30.1 

88  7 

33^2 

32.3 

32  2 

35.6 

35.7 

32.4 

32.3 

36.2 

35.1 

32.4 

32.2 

9R  1 
90.  1 

34.9 

99  R 

92.0 

32.0 

35  1 

34!6 

32.3 

31^9 

34.6 

33!8 

31.8 

3l!3 

88.6 

33^2 

32.3 

32  2 

35.6 

35.6 

32.4 

32  2 

35.3 

35.2 

99  K 

92.0 

32  2 

94  a 
94.0 

34  8 

99  A 
92.4 

32.2 

34  8 

34!8 

32  7 

32^2 

84.6 

33^9 

32.6 

3l!9 

88.8 

33!2 

32.3 

32.0 

35.8 

35.4 

32.6 

32.1 

35.2 

34.9 

32.7 

32.1 

94  a 
94. V 

34.5 

99  7 
92.  1 

32.0 

34  6 

34^7 

32.6 

32!  1 

84  2 

34!  1 

31  6 

31  !9 

88  6 

33!  7 

32.9 

32.5 

38. 1 

35.6 

32.9 

32  5 

35.6 

35  2 

32.9 

32  4 

9R  9 

90.9 

35.0 

99  0 

92.  V 

32.3 

35  2 

34^9 

32  9 

32!  1 

35  1 

34^8 

32.6 

3l!9 

84.3 

34!o 

33.6 

32  4 

36.3 

35  9 

33. 1 

32.8 

35.6 

35.1 

33. 1 

32.7 

9K  7 

90.  f 

35.2 

99  9 

99.2 

33.1 

90.0 

35.1 

33. 1 

32^8 

35  4 

34'9 

32  6 

32*1 

34  6 

34!5 

32.9 

32.4 

36.6 

35.6 

33.6 

32  8 

36.3 

35.0 

33.6 

32.7 

9R  A 
90.0 

35.0 

99  9 
99.9 

33.0 

9w.O 

35  1 

32  9 

32!8 

36  2 

34I9 

32  2 

31  !7 

84  4 

34!  1 

32.9 

32.8 

36.6 

35.8 

32.9 

32.9 

35.4 

35.2 

32.6 

32.9 

9R  R 

90.0 

35.3 

99  9 

99.2 

33.0 

35.7 

35^6 

33.6 

32'.9 

35  2 

35!o 

32  6 

Z1.9 

84  4 

34.1 

32.9 

32  4 

35.6 

35.4 

33.6 

32.7 

35.6 

35.1 

33.2 

32.9 

9R  7 
90. ' 

35.1 

99  1 
99.  1 

32.9 

35.6 

35^2 

33.9 

32'.  7 

35  3 

34^9 

82  1 

3l!8 

84.6 

34.0 

32.8 

32  4 

35.6 

35.6 

32.9 

32.7 

35.2 

35.0 

33.3 

33.0 

9R  A 

90.0 

35.1 

99  A 
99.  V 

32.8 

36  6 

35!l 

32.4 

32^2 

35. 1 

34^9 

31.3 

30!2 

34  1 

as'.s 

32.6 

32.2 

35.7 

35  3 

32.6 

32.7 

35.6 

35.0 

99  1 

99.  1 

32.9 

9R  9 

90.2 

35.1 

32  6 

3l!3 

36  2 

35!  1 

31.7 

30'.2 

34.9 

34.8 

36.6 

29.4 

84.6 

33.9 

32.2 

31.5 

36.7 

35  1 

32.1 

30.1 

36.1 

34.9 

32.4 

30.9 

35.1 

34.9 

28.7 

27.9 

35.6 

34.8 

26.6 

26.8 

34.6 

34.1 

26.1 

28.9 

88.8 

33.2 

36.6 

30.2 

35.4 

35.2 

36.6 

25.2 

35.6 

34  7 

36.3 

25.6 

35.6 

34.4 

27.4 

22.2 

34.9 

34.1 

27.2 

21.9 

34.2 

33.6 

26.6 

20.8 

88.2 

32.8 

31.3 

31.0 

35.2 

35.0 

31.8 

28.9 

34.2 

34.0 

31.6 

29.1 

34.3 

34.0 

31.6 

27.9 

34.1 

33.9 

81.6 

27.9 

83.4 

33.2 

31.3 
37.3 

32.8 

82.3 

32.6 

31.8 

35.1 

34.9 

31.9 

31.7 

34.4 

33.9 

32.1 

30.2 

34.2 

34.1 

32.2 

32.0 

33.6 

33.8 

82.6 

81.9 

33.6 

33.3 

81.8 

31.1 

S2.i 

82.S 

6.36 

6.36 

6.62 

6.31 

6.64 

6.32 

6.66 

6.82 

6.76 

6.86 

6.6C 

6.86 
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FIG.  50. 
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TABLE  eO.-EFFECT  OF  ORGANIC  MATTER  ON  TEMPERATURE  OF  80115.    DAILY  MAXIMUM  AND  MINI- 

MUM.  FEBRUARY.  1913. 


PmL 

9.95% 
Pttt. 

5.47% 
PmL 

3.32% 

PMt 

2.01% 

PMt 

1.81% 

PMt. 

6' 

10* 

5» 

19* 

5' 

5* 

18' 

5' 

18' 

6* 

18' 

28.9 

28.3 

35.2 

35.0 

29.9 

23.3 

94.4 

34.2 

20.2 

23.3 

34.8 

34.2 

25.8 

21.7 

34.1 

34.1 

20.1 

23.8 

33.8 

33.5 

25.4 

33.8 

33.9 

32.8 

98.3 

27.9 

34.0 

34.0 

28.7 

25.1 

39.9 

33.3 

30.1 

25.4 

33.3 

33.1 

28.8 

24.9 

99.4 

83.0 

20.7 

34.7 

32.0 

32.0 

27.8 

33.0 

31.7 

31.0 

28.7 

26.3 

36.0 

34.9 

Z7.9 

22.0 

33.8 

33.4 

27.0 

22.3 

39.9 

33.5 

27.8 

20.9 

33.4 

83.1 

20.2 

21.1 

32.4 

32.3 

25.1 

31.0 

31.1 

30.7 

25.4 

22  1 

34.7 

34.3 

22.9 

13.8 

33.2 

32.9 

22.0 
14.2 

99.1 

32.1 

21.1 

12.0 

92.9 

31.9 

20.3 

12.9 

31.2 

30.7 

18.1 

13.9 

29.9 

28.0 

25.1 

20.2 

34.5 

34.1 

24.9 

13.8 

33.4 

32.0 

22.7 

13.8 

32.9 

31.7 

28.8 

13.2 

31.9 

30.0 

20.7 

12.1 

99.7 

29.0 

19.7 

13.4 

27.8 

26.9 

27.7 

25.1 

94.2 

34.1 

29.9 

21.2 

34.0 

33.5 

24.2 

21.0 

91.9 

31.8 

24.1 

20.1 

91.7 

31.2 

28.5 
19.0 

91.1 

30.0 

22.7 

19.7 

29.4 

38.8 

28.0 

25.5 

94.2 

33.3 

99.1 

23.1 

33.2 

31.8 

20.2 

24.0 

31.3 

31.1 

28.8 

23.8 

91.3 

31.1 

27.2 

22.8 

31.2 

30.8 

29.7 

23.3 

90.1 

39.6 

28.9 

22.8 

33.9 

33.3 

99.9 

17.4 

82.0 

31.7 

28.0 

16.9 

Sl.l 

30.2 

20.1 

16.3 

31.5 

30.9 

28.0 

15.8 

31.9 

30.3 

Z7.9 

16.2 

98.9 

38.3 

28.3 

29.0 

39.9 

32.8 

29.9 

28.2 

31.3 

31.2 

28.0 

27.5 

31.2 

31.1 

20.2 

25.3 

81.5 

31.4 

20.1 

26.2 

81.9 

30.9 

27.2 

35.0 

30.7 

30.2 

25.3 

21.7 

33.9 

33.1 

21.2 

15.9 

31.8 

31.2 

22.4 

15.6 

30.7 

30.2 

22.2 

13.1 

81.1 

31.0 

21.2 

14.2 

99.9 

30.3 

28.4 

14.0 

20.1 

28  3 

26.7 

19.2 

33.2 

32.9 

29.2 

13.1 

30.7 

30.0 

24.8 

13.2 

28.2 

28.3 

23.8 

10.3 

30.0 

29.4 

23.8 

11.8 

29.8 

28.9 

22.4 

12.1 

20.0 

26.8 

20.6 

22.0 

32.9 

32.3 

28.8 

16.0 

20.0 

28.6 

30.0 

17.8 

28.3 

27.8 

30.0 

16.1 

30.1 

28.7 

30.0 

16.4 

99.9 

28.2 

20.0 

16.9 

20.2 

27.0 

29.3 

29.0 

32.7 

31.8 

90.2 

29.3 

30.0 

29.8 

30.2 

28.8 

30.7 

29.2 

30.7 

29.0 

81.8 

29.8 

30.4 

27.2 

81.2 

28.0 

28.8 

36.9 

30.7 

36.0 

30.2 

29.7 

32.5 

32.2 

30.3 

28.7 

31.1 

31.0 

30.0 

28.8 

31.3 

31.1 

99.1 

28.6 

31.8 

31.4 

20.0 

28.3 

91.9 

31.2 

20.0 

37.6 

30.0 

30.4 

30.0 

27.3 

32.4 

32.2 

30.0 

24.8 

30.0 

30.3 

31.0 

25.2 

31.0 

30.7 

31.9 

24.7 

31.0 

30.9 

31.2 

24.0 

91.3 

30.9 

99.4 

23.7 

30.8 

29.2 

31.2 

30.9 

32.9 

32.1 

31.7 

31.4 

81.7 

31.1 

32.3 

81.7 

31.0 

31.4 

32.2 

31.8 

32.2 

32.0 

32.0 

31.7 

32.2 

31.9 

31.4 

30.8 

32.0 

31.4 

31.7 

31.2 

92.9 

32.2 

32.9 

31.8 

31.0 

31.3 

32.0 

32.7 

32.2 

31.8 

34.9 

33.2 

32.3 

31.9 

33.1 

32.9 

32.2 

31.0 

32.1 

81.8 

32.0 

31.6 

32.9 

31.9 

33. 1 

33.0 

32.9 

32.2. 

32.8 

32.0 

33.1 

32.6 

32.0 

32.2 

38.9 

32.4 

33.2 

32.9 

32.8 

32.3 

33.9 

32.4 

31.9 

31.4 

32.0 

32.1 

32.1 

31.8 

32.8 

32.6 

32.3 

32.0 

32.2 

32.0 

32.7 

32.3 

32.4 

32.2 

32.4 

32.1 

32.0 

32.7 

32.4 

32.0 

32.7 

32.3 

31.7 

31.2 

32.2 

31.8 

32.4 

32.3 

33.9 

32.9 

32.4 

32.3 

32.0 

32.2 

32.7 

82.6 

32.7 

32.6 

32.9 

32.4 

32.0 

32.9 

32.8 

32.2 

•Z.  • 

32.6 

81.9 

3l!2 

32.8 

32!3 

SI  0 

Si!: 

32.4 

32.2 

32  9 

31  !8 

32. 1 

3L7 

32  8 

3l!9 

32.4 

31.9 

32. 1 

31.8 

32.0 

32.1 

31.8 

31.4 

32.3 

33.1 

99.7 

30.0 

81.8 

31.5 

32.0 

31.9 

32.9 

32.7 

32.2 

32.1 

32.3 

32.1 

32.0 

32.1 

32.0 

32.4 

32.3 

32.0 

32.0 

32.5 

31.8 

31.7 

92.9 

32.1 

91.2 

30.8 

32.8 

31.0 

«.. 

31.8 

32.7 

32.2 

32.3 

31.9 

32.3 

31.9 

32.3 

32.1 

32.4 

32.1 

32.2 

31.9 

32.0 

32.3 

32.0 

31.8 

32.4 

32.0 

31.2 

31.0 

32.0 

31.7 

32.1 

31.9 

32.9 

32.4 

32.3 

.31.9 

32.8 

32.0 

32.0 

32.3 

32.7 

32.3 

32.3 

32.1 

32.8 

32.5 

81.8 

31.7 

92.9 

32.2 

31.1 

31.0 

32.2 

31.8 

2.04 

9.90 

4.94 

0.51 

3.00 

0.50 

4.43 

0.47 

4.11 

9.57 

8.94 

0.01 

Date— Maximum,  minimum. 
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FIG.  51. 
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The  data  show  that  when  the  soils  were  frozen  there  was  y^ry  little 
variation  in  leniperature  at  both  depths  not  only  within  the  same  soil  but 
also  among  the  different  soils,  as  evidenced  by  the  remilts  of  March  wiien 
all  the  soils  were  still  frozen.  Immediately  upon  thawing  and  also  after 
that  until  the  next  freezing  conimenced  the  amplitude  of  the  upper  5  inch 
depth  was  quite  marked,  both  within  the  same  soil  and  among  the  dif- 
ferent soils.  In  the  18  inch  depth,  it  was  comparatively  small.  At 
both  depths,  the  soil  with  3.329?  organic  matter  gave  the  greatest  varia- 
tion in  temperature  followed  by  the  soils  with  2.01,  5.47,  1.81,  6.9591 
organic  matter  and  lastly  by  pure  peat.  Evidently  the  soils  with  the 
medium  amounts  of  organic  matter  gave  the  greatest  amplitude  while 
those  with  the  opposite  extreme  of  organic  matter  gave  the  smallest. 
This  was  exactly  the  way  that  their  average  temperature  behaved. 

The  fluctuations  of  the  lemperatui-e  of  the  soils  ^vlth  tlie  vanous 
amounts  of  organic  matter  did  not  vary  greatly  among  themselves  with- 
in the  same  day  or  month,  but  they  varied  with  jjeat.  It  will  be  seen 
that  the  differences  l>etween  Ihe  amplitudes  of  the  fonner  soils  in  the 
upper  5  inches  varied  about  2""  F.  the  most  after  the  month  of  April, 
but  the  differences  betwetni  these  fiuctuations  and  those  of  peat  were 
comparatively  m-y  large.  Ringing  in  the  month  of  June  for  instance, 
12.72°  F.  betwei^n  the  |)eat  and  the  soil  with  3.82%  organic  matter. 

In  the  18  inch  depth  the  amplitudes  tended  to  increase  with  the  de- 
ci'ease  in  organic  matter.  The  variaticms  among  the  different  soils, 
including  the  peat,  ran  in  about  the  same  order  of  magnitude  as  in 
the  upper  depth. 

The  highest  daily  amplitude  for  the  5  inch  depth  occurred  on  April 
30,  and  the  highest  monthly  occurred  in  June  for  .both  depths.  June 
is  followed  in  order  by  May,  July,  August,  September,  April,  Ovto- 
ber,  November,  and  December. 
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TABLE  70- SEASONAL  AXD  YEARLY  AVERAGE  TEMPER ATURE=?  OF  THE  SOIL  WITH  DIFFERENT 

AMOUNT  OF  ORGANIC  MATTER 


Season. 

1.81% 
Org.  Mat. 

2  08% 
Org,  Mat. 

3  32% 
Org.  Mat 

5  47% 
OrK.  Mat. 

6.95% 
Org.  Mat. 

Peat. 

18" 

5' 

18' 

5* 

18' 

5' 

18' 

5' 

18* 

5' 

18* 

Spring; 
March 

April  

May  

29.97 
42.04 
57.89 

31.03 
37.82 
53.15 

30.55 
43.64 
60.45 

31.44 

38.27 
53.86 

30.84 
44.19 
60.81 

31.68 
37.41 
53.90 

30.65 
43.00 
60.22 

31.46 
38.12 
53.60 

41.08 

30.72 
41.84 
59.66 

31.36 
37.53 
53.68 

30.06 
35.38 
54.93 

31.42 
31.68 
49.04 

kf  

43.M 

48.87 

44.88 

41.19 

48.28 

41.88 

44.82 

44.87 

48.88 

48.12 

37.38 

Summer: 
June 

July  

August  

67.93 
72.85 
68.52 

63.02 
60.58 
66.40 

70.24 
74.55 
70.36 

63.80 
70.03 
67.04 

70.78 
75.23 
70.77 

64.10 
70.11 
67.19 

70  70 
74.85 
70.15 

63.89 
69.77 
66.78 

70.51 
74.93 
70.52 

64.12 
69.99 
66.96 

64.12 
72.81 
68.55 

62  88 
60.41 
66  55 

Av»  

eo.77 

86.33 

71.72 

88.08 

72.28 

87. 13 

71.90 

88.81 

71.99 

1 

87.91  I  88.49 

88.28 

Autumn: 
September 

October  

November  

65.60 
49.93 

38.72 

64.93 
51.37 
41.60 

66.96 
60.85 
39.58 

65.57 
52.04 
42.80 

67.15 
50.11 
39.68 

65.68 
52.41 
43.34 

66.96 
50.93 
39.92 

65.50 
52.34 
43.46 

66  61 
50.70 
39.97 

65.53  ;  65.80 
52  .63    50  26 
43  .63  '  40  .45 

1 

65.81 
63  37 
44.67 

Avt  

51.45 

52.88 

52.48 

63.47 

52.31 

53.81 

52.88 

53.77 

52.43 

53.83 

52. 17  1  54.82 

Winter: 

December  

January-  1913 

31.81 
30.68 
26.19 

35.42 
33.58 
30.50 

32  87 
31.54 

26.88 

36  50 
34.46 
31.52 

34.18 

33.99 
31.75 
27.10 

37.00 
34.95 
31.93 

33.25 
32  00 
27.53 

37.00 
34.95 
31.73 

33.43 
31.99 
27.48 

37.17 
35  02 
31.99 

34.18 
32  18 
28.66 

38.13 
35.71 
33.23 

kf  

Yttriy  avtragt .... 

28.58 

33.17 

38.43 

38.85 

34.83 

38.83 

34.58 

38.97 

34.73 

31.67 

35.88 

48.52 

48.26 

49.87 

48.95 

50.45 

49.14  1  50.01 

49.06 

48.87 

49.18 

48.11 

48.48 
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TABLE  71.-SEAS0NAL  AND  YEARLY  RANGE  OF  TEMPERATURES  OF  THE  SOIL  WITH  DIFFERENT 
AMOUNT  OF  ORGANIC  MATTER. 


Season. 

1.81% 
Org.  Mat. 

2.08% 
Org.  Mat. 

3.32% 
Org.  Mat. 

5.47% 
Org.  Mat. 

6.95% 
Org.  Mat. 

Oig.Mat. 

18' 

0.52 
1.60 
2.38 

5' 

18* 

6* 

18' 

5' 

18' 

5' 

18' 

5' 

18' 

Spring: 

March  

April  

May  

0.68 
5.23 
11.50 

0.67 
9.85 
13.40 

0.56 
1  30 
1.89 

0.79 
10  33 
13.67 

0.44 
1.55 
1  56 

0  66 
8.29 
12.40 

0.52 
0.93 
1.15 

0.57 
7.08 
11.36 

0.64 
0.69 
0.92 

0.72 
2.57 
3.07 

0.48 
0.28 
0.96 

Aw  

6.8S 

1.50 

7.03 

1.20 

0.20 

I.IO 

7. 12 

0.07 

0.32 

0.70 

2. 12 

0.57 

Summer: 

June  

July  

Augnst  

13.48 
12.57 
10.77 

2.52 
2.29 
2.15 

14.92 
12.63 
12.07 

2.08 
1.90 
1.85 

15.44 

12.63 
12.34 

1.47 
1.51 
1.49 

14.20 
11.40 
11.29 

1.20 
1.25 
1.37 

13.51 
11.25 
10.73 

0.97 
1.10 
1.22 

2.71 
2.96 

2.82 

0.33 
0.64 
0.63 

Aw  

12.27 

2.32 

13.21 

1.04 

1.56 
1.63 
0.95 

13.47 

11.80 
9  19 

3.78 

1.40 

1.25 
1.53 
1.09 

12.30 

10.65 
7.99 
3.31 

1.27 

0.43 
1.18 
0.99 

11.03 

9.80 
7.51 
3.01 

I.IO 

1.00 
0.97 
0.41 

2.03 

2.55 
2.41 
1.06 

0.03 

0.56 
0.60 
0.50 

Autumn: 

September  

October  

10  31 
8.14 
3.81 

1.97 
2.04 
1  25 

11.23 
8.78 
3  83 

Av«  

7.42 

1.75 

7.05 

1.36 

0.20 

1.20 

7.32 

0.07 

6.77 

0.70 

2.01 

0.60 

Winter: 

January— 1913  

February  

2.43 
0.92 
3.64 

0.74 
0.38 
0.81 

2  08 
0  76 
4.11 

0  63 
0  36 
0  57 

1.91 
0  66 
4  43 

0.57 
0.32 
0  47 

1  55 

0.64 
3.88 

0.50 
0.32 
0.50 

1.24 
0.62 
4.04 

0.56 
0.31 
0.51 

0.70 
0.36 
2  04 

0  43 

0.30 
0.36 

Avt  

2.33 

0.04 

2.32 

0.52 
1.20 

2.33 

0.45 

2.02 

0.47 

1.07 
0.72 

0.40 
0.70 

1.03 
2.00 

0.30 
0.01 

Yatrly  rang*  

6.96 

1.65 

7.86 

0.00  1  I.IO 

7.10 

0.07 

Table  70  shows  that  the  average  temperature  of  all  the  soils  was 
highest  in  summer  and  was  followed  in  order  by  autumn,  spring  and 
lastly  by  winter.  The  temperature  of  all  the  different  soils  was  some- 
what different  at  the  various  seasons,  with  the  greatest  variation  occur- 
ring in  the  spring  and  the  least  in  the  winter.  In  the  spring  and  sum- 
mer seasons  the  soil  with  3.32%  organic  content  exhibited  the  highest 
temperature  at  both  depths,  with  the  soils  containing  2.08,  5.47,  6.95, 
1.81%  and  peat  came  next  in  order.  In  the  fall  season,  with  the  excep- 
tion of  the  soil  with  1.81%  organic  matter,  the  temperature  was  prac- 
tically the  same  for  all  the  other  soils.  For  the  winter  season  the  soil 
with  1.81%  organic  matter  had  the  lowest  temperature  and  the  peat 
the  highest,  while  the  temperature  of  the  soils  with  2.08,  3.32,  5.47  and 
6.95%  organic  matter  >was  intermediate  and  about  the  same  for  all  of 
them.  When  the  averages  for  the  year  are  examined,  it  is  found  that 
the  temperature  of  the  soil  with  1.81%  organic  matter  and  that  of  peat 
was  almost  the  same  but  less  than  that  of  the  soils  with  the  intermedi- 
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ate  percentages  of  organic  matter;  the  temperature  of  these  latter 
soils  was  also  almost  the  same. 

From  table  71  it  is  seen  that  the  highest  seasonal  amplitude  occurred 
in  sunmier,  then  in  autumn,  spring  and  winter.  The  greatest  variation 
in  the  amplitude  of  the  different  soils  was  shown  in  the  spring  and  the 
least  in  winter.  Throughout  all  the  seasons  the  soil  with  3.32%  or- 
ganic matter  exhibited  the  largest  amplitude  with  the  soils  containing 
2.01,  5.47,  6.95,  and  1.81%  and  peat  followed  in  order.  This  order 
maintained  itself  also  for  the  year. 

COMPARISON  BETWEEN  MONTHLY  AVERAGE  AND  RANGE  OP  TEMPERATURE  OP 

THE  AIR  AND  THE  SOII^. 


TABUB  72.-OOMPARISON  BETWEEN  THE  MONTHLY  AVERAGE  TEMPERATURES  OF  THE  AIR 
OF  THE  SOIL  WITH  DIFFERENT  AMOUNTS  OF  ORGANIC  MATTER. 


AND 


Prr  cent  Org  Matter 


Pfe»t.. 
Air... 


Per  cent  Org.  Mmiter. 


March 


29.07 

ao.fis 

30.84 
30  65 
30.72 
30.06 


18' 


April 


31.03 
31.44 
31  68 
31.46 
31  36 
31  42 


28.38 


September 


65.60 
66.96 
67.15 
66.96 
66.61 
65.80 


18' 


64.03 
65.57 
65.68 
65.50 
65.53 
65.81 


68.90 


42.04 
43  64 
44.19 
43  00 
41.84 


18* 


37.82 
38.27 
37.41 
38.12 
37  53 
31  68 


50.22 


October 


40.93 
50.85 
50.11 
60.93 
60.70 
50.26 


51.37 
52.04 
52  41 

52.37 
52.63 
63.37 


54  55 


May 


57.89 
60.45 
60  81 
60.22 
50.66 
54  93 


18* 


53.15 
53  86 
53.90 
53.60 
53.68 
49.04 


62  00 


November 


18' 


38.72 
39.56 
39.68 
39  92 
39.97 
40.45 


41.60 

42  80 

43  34 
43  46 
43.63 
44.67 


41.71 


June 


67.93 
70.24 
70.78 
70.70 
70.51 
64.12 


18* 


64.10 
63.89 
66.78 
62.88 


70.78 


December 


31.81 
32.87 
32.99 
33  25 
33.43 
34.18 


35.42 
36.50 
37.00 
37.00 
37  17 
38.13 


July 


72  85 
74  55 
75.23 
74.85 
74.93 
72  81 


18* 


August 


69  58 

70  03 
70.11 
69  77 
69  99 
69.41 


75. n 


January.  1913. 


30.68 
31  54 
31.75 
32.00 
31.99 
32.18 


34.46 

34  95 

34.95 

35  02 
35.71 


26.44 


68  52 
70.36 
70.77 
70.15 
70  52 
68  55 


66.40 
67.04 
67.19 
66  78 
66.96 
66.55 


72.34 


February, 


18* 


26.19 

26.88 
27.10 
27.53 
27.48 
28.66 


30.50 
31.52 
31.93 
31.73 
31.99 
33.23 


20  63 
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TABLE  73  -€OMPARISON  BETWEEN  MONTHLY  RANGE  OF  TEMPERATURE  OF  THE  AIR  AND  OF  THE 
SOIL  WITH  DIFFERENT  AMOUNTS  OF  ORGANIC  MATTER. 


Per  cent  Org  Matter 

March 

April 

May 

June 

July 

Auip»t 

18' 

5' 

18* 

6* 

18* 

5* 

18' 

5' 

18' 

5' 

18' 

3.32^ 
6.47« 
6.96^ 
Peat 

p  

0.68 
0.67 
0.79 
0.66 
0.57 
0.72 

0.52 
0.56 
0  44 
0  52 
0.64 
0.48 

6.23 
9.85 
10.33 
8.29 
7.03 
2.57 

1.60 
1.30 
1.65 
0.93 
0.69 
0.28 

11.59 
13.40 
13.67 
12.40 
11.36 
3.07 

2.38 
1.89 
1.56 
1.15 
0.92 
0.96 

i 

13.48 
14.92 
16.44 
14.20 
13.51 
2.71 

2.52 
2.08 
1.47 
1.20 
0.97 
0.33 

12.57 
12.63 
12.63 
11.40 
11.25 
2.96 

2.29 
1.90 
1.51 
1.25 
1.10 
0.64 

10.77 
12  07 
12.34 
11  29 
10.73 
2.82 

2  15 
1  85 
1.49 
137 
1.22 
063 

Air  

30.49 

31.12 

32  48 

41.06 

36.98 

34.18 

Per  cent  Org  Matter 

Sept«mber 

October 

November 

December 

January,  1913 

February 

5' 

18» 

6* 

18* 

5' 

18» 

6» 

18' 

5' 

18' 

5* 

18' 

1.81^ 

2  01«^ 

3  32^ 
6.474 
6.96^ 
Peat 

10.31 
11  23 
11.80 
10.65 
9.80 
2.66 

1.97 
1.56 
1.25 
0.43 
1.00 
0  58 

8.14 
8.78 
9.19 
7.99 
7  61 
2  41 

2.04 
1  63 
1.63 
1.18 
0  97 
0.60 

3.81 
3.83 
3.78 
3.31 
3.01 
1.06 

1.25 
0.96 
1.00 
0.99 
0  41 
0-50 

2.43 
2.08 
1.91 
1.66 
1.24 
0.60 

0.74 
0.63 
0  57 
0.50 
0.56 
0  43 

0.92 
0.76 
0.66 
0.64 
0.62 
0  36 

0.38 
0.36 
0.32 
0.32 
0.31 
0  30 

3.64 
4.11 
4.43 
3.88 
4.04 
2.04 

0.81 
0.57 
0.47 
0.50 
0  51 
0.36 

Air  

35.45 

31  57 

19.91 

14  92 

15.41 

15.75 

The  foregoing  two  tables  show  that  the  average  air  temperature  was 
above  the  soil  temperature  of  all  depths  from  April  to  December  inclu- 
sive, and  below  it  during  the  months  of  January,  February,  and  Mai^ch. 
^^^lile  the  range  of  the  air  temperature  was  far  greater  than  that  of 
the  soils  and  was  above  that  of  the  latter  throughout  the  year. 
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TEMPERATURE  OF  rULTIVATEL),  I  NCrLTlVATED,  AND  SOD 

LAND. 

OBJECT  AND  aiETHOD  OF  KXPERI MENTATION. 

The  objec^t  of  this  research  was  to  study  the  temperature  of  land  un- 
der cultivated,  uncultivated,  and  sod  conditions.  A  few  workers  have 
already  made  casual  observations  on  this  line  of  study  but  no  one  has 
conducted  a  very  thorough  and  extensive  investigation.  It  was  to  sup- 
ply the  latter  need  that  this  experiment  was  undertaken. 

The  experiment  was  commenced  in  November,  1911,  and  the  temi)era- 
ture  of  the  soil  under  the  above  treatments  was  measured  at  two  dif- 
ferent depths,  7  and  20  inches  respectively,  by  means  of  soil  thermo- 
graphs which  were  procured  from  Friez,  Baltimore,  Maryland.  There 
were  four  thermographs,  two  of  which  were  double  and  two  single. 
The  former  were  made  by  special  order  and  had  two  soil  bulbs  instead 
of  one.  One  of  the  single  soil  thermographs  registered  the  air  tem- 
lierature  also. 

The  ideal  way  to  study  soil  tem|)erature,  in  order  to  get  the  absolute 
maximum  and  minimum,  would  be  by  means  of  such  instruments  as 
these  if  they  were  accurate  and  dependable.  Unfortunately,  they  do 
not  always  possess  these  qualities.  On  account  of  the  large  mass  of 
liquid  in  the  bulbs,  they  are  slow  to  respond  to  variations  of  tempera- 
ture; the  pen  is  too  thick,  and  hence,  the  line  is  too  heavy  for  accurate 
readings.  Again,  the  setting  of  the  recording  sheets  around  the  clock 
is  not  always  exactly  the  same  for  the  different  times.  The  most  seri- 
ous defect,  however,  is  that  the  standardization  is  only  relative,  not 
absolute,  and  if  a  small  change  takes  place,  the  experimentor  may  not 
detect  it.  Furthermore,  the  bulbs  may  leak  and  in  such  a  case  the 
records  are  worthless.  This  imfortunate  occurrence  happened  twice  in 
the  present  work,  and  hence,  has  broken  the  continuous  records.  The 
bulbs  at  the  depth  of  20  inches  of  the  uncultivated  and  sod  plots 
began  to  leak  in  January  and  the  records  of  this  depth  of  both  i>lots 
were  lost  from  this  time  on  till  May  when  the  defective  bulbs  were 
i-epaired.  Kince  the  thermographs  of  both  plots  were  double,  the  bulbs 
of  the  upper  7  inches  also  had  to  be  removed  in  order  to  repair  those 
at  the  lower  depth,  and  hence,  the  records  of  the  upper  depths  were 
also  lost  during  the  month  of  April,  after  the  thawing  had  taken  place. 
On  the  whole,  however,  these  instruments  gave  quite  satisfactory  results. 

In  order  not  to  disturb  the  natural  c<mdition  of  the  ground  the  bulbs 
were  placed  in  the  following  manner:  Small  trenches  were  dug  in  the 
ground  20  inches  deep,  6  inches  wide  and  20  inches  long.  At  one  end 
of  these  trenches  wooden  rods  of  the  same  diameter  as  the  bulbs  were 
bored  into  the  soil  horizontally  at  the  proper  depths.  The  rods  were 
then  taken  out,  the  bulbs  put  in  their  place  and  the  trench  filled  up 
with  the  excavated  soil.  In  this  manner  the  bulbs  -were  kept  under 
undisturbed  ground  and  the  records,  therefore,  may  be  considered  to 
be  of  soils  under  natural  conditions  right  from  the  start. 

The  ground  on  which  the  plots  were  situated  was  very  smooth  and 
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slightly  rolling.  The  soil  consisted  of  a  sandy  loam.  The  ground  had 
been  under  alfalfa  sod  for  several  years,  and  from  the  plots,  which  were 
to  be  left  uncultivated  and  cultivated,  the  vegetation  was  removed 
long  before  the  experiment  was  commenced.  The  plots  were  20x15  feet 
and  the  bulbs  were  placed  about  5  feet  apart  from  each  plot.  The 
thermographs  were  located  on  top  of  posts  4  feet  high. 

The  uncultivated  plot  was  kept  free  from  fTi^ds,  while  the  cultivated 
plot  was  worked  always  immediately  after  a  rain.  The  sod  plot  was 
mowed  the  first  of  May  at  the  time  when  the  bulbs  were  placed  in  the 
soil  after  they  were  repaired.  From  this  time  on  the  vegetation  was 
never  cut  again.  Throughout  the  growing  season,  the  crop  grew  luxur- 
iantly and  was  very  dense. 

On  account  of  space,  the  data  of  this  experiment  cannot  be  presented 
as  fully  and  as  detailed  as  in  the  preceding  experiments.  In  the  fol- 
lowing tables,  therefore,  is  not  shown  the  daily  temperature  but  only 
the  monthly. 


MONTHLY  AVERAGE  TEMPERATURE. 
TABLE  74 -AVERAGE  MONTHLY  TEMPERATURE  OF  UNCULTIVATED.  CULTIVATED,  AND  SOD  LAND. 


Name  of  month 

Uncultivated 

Cultivated 

Sod 

20' 

T 

20' 

7' 

20' 

34.5'»F 
27.73 

30  73 

31  81 

42.24 

36.62*»F 

34.84''F 
27.79 
29.42 
30.60 

39.63 
54.12 
64.4 
70.04 

66  24 
82  80 
50.46 
39.50 

86.94'»F 
30.92 
30.06 
30.67 

37.10 
50.88 
60.64 
66.61 

63.75 
61.84 
50.90 
41.27 

84  38T 
29.22 
30.07 
30  81 

41.93 

37.07*F 

jRDuary  

February  

March  

April  

May  

65  25 
71.09 

66  60 
63.48 
50  24 
30.77 

62.00 
66.94 

63.80 
61.90 
50.89 
41.20 

61.97 
65  55 

63.39 
59.00 
48.46 
39.85 

July  

64  0 

63.74 
61.40 
52.43 
45  07 

October  

It  will  be  seen  that  in  December  all  the  plots  at  the  depth  of  7  inches 
had  practically  the  same  temperature.  In  January,  the  coldest  month 
of  the  year,  the  sod  plot  was  about  1.5  F.  warmer  than  the  other  two 
plots,  while  the  latter  had  nearly  the  same  temperature.  In  the  months 
of  February  and  March  the  temperature  of  all  the  soils  was  almost 
the  same  with  a  small  difference  in  favor  of  the  uncultivated  plot.  In 
April  the  uncultivated  plot  had  the  highest  temperature  and  was  fol- 
lowed by  the  sod  and  finally  by  the  cultivated.  During  the  months  of 
June,  July,  August,  and  September,  the  uncultivated  plot  was  the  warm- 
est, the  sod  the  coldest,  while  the  cultivated  was  intermediate.  The 
difference  between  the  cultivated  and  uncultivated  plots  was  not  very 
great,  the  highest  variation  occurred  in  July  (1.05°  F.),  followed  by 
June  (.85°),  September  (68°)  and  August  (.364°).  The  amplitude 
between  the  sod  and  either  of  the  bare  plots  was  quite  marked,  ranged 
in  July  as  much  jis  about  5°  P.  After  October  the  order  of  warmth  of 
these  plots  changed  somewhat.  The  sod  which  since  ^lay  had  the  lowest 
temperature  had  now  the  highest,  with  the  uncultivated  and  cultivated 
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plots  next  in  order.  The  latter  two  soils  had  practically  the  same  temper- 
ature, the  difference  in  favor  of  the  uncultivated  plot  was  very  slight. 

The  daily  records,  which  are  not  shown  in  the  above  table,  show  that 
the  lowest  fall  in  temperature  occurred  on  January  7  when  the  average 
temperature  of  the  different  soils  at  the  7  inch  depth  was  as  follows: 
cultivated  24.55°,  uncultivated  22.0°.  and  sod  27.85°,  while  the  highest 
average  temperature  took  place  on  July  9  with  the  following  results: 
7  inch  cultivated  76.00°,  uncultivated  77.80°,  sod  69.45° ;  20  inch  culti- 
vated 69.0°,  uncultivated  69.31°,  sod  65.25°. 

The  first  freezing  occurred  on  December  28th.  On  this  day  the  culti- 
vated and  uncultivated  plots  at  the  7  inch  depth  froze  at  the  same 
time,  while  the  sod  plot  froze  7  days  later  (January  5).  The  first  thaw- 
ing took  place  on  April  5th  when  both  the  uncultivated  and  the  sod 
plots  thawed  at  the  same  time.   The  other  plot  thawed  about  a  day  later. 

In  the  second  winter  (1912-13)  the  different  plots  froze  at  the  upper 
depth  as  follows:  •  cultivated  December  11th,  uncultivated  December 
nth,  sod  December  13th.  At  the  20  inch  depth  the  uncultivated  froze 
Jan.  20th,  cultivated  Jan.  22,  and  sod  did  not  freeze  at  all.  Throughout 
this  winter  the  sod  plot  maintained  the  highest  temperature  at  both 
depths,  the  temperature  of  the  other  two  plots  was  about  he  same.  The 
results  of  the  second  winter,  therefore,  are  in  agreement  with  those  of 
the  first  winter,  the  only  difference  being  that  in  the  second  winter  the 
effect  of  the  v^etation  in  keeping  the  soil  warm  was  more  pronounced, 
due  undoubtedly  to  the  greater  abundance  and  greater  thickness  of  the 
layer  of  vegetation. 

The  foregoing  data  show,  then,  that  the  conditions  of  cultivation, 
non-cultivation,  and  sod  have  a  very  distinct  influence  upon  soil  temper- 
ature. Eepecially  interesting  is  the  influence  of  vegetation.  It  was  ob- 
served in  the  first  spring  that  the  sod  plot  thawed  at  the  same  rate 
as  the  bare  and  uncultivated  plot,  and  that  its  temperature  rose  immedi- 
ately several  degrees  above  that  of  the  latter  and  remained  so  for  the 
next  10  days  when  the  plants  began  to  grow,  and  then  its  temperature 
dropped  back  and  stayed  much  lower  than  the  temperature  of  both 
bare  plots  until  September  25th.  From  this  date  on  the  temperature  of 
the  other  two  plots  fell  below  that  of  the  sod  plot  and  remained  so 
throughout  the  second  winter  and  up  to  the  middle  of  the  second  spring. 

The  cooling  and  warming  effect  of  the  cover  crop  in  both  the  warmer 
and  colder  seasons  of  the  year  is  self  evident.  In  summer  time  the 
growing  crop  keps  the  soil  temperature  low  for  the  following  reasons : 
(1)  Practically  all  the  sun  rays  are  intercepted  by  the  growing  vegeta- 
tion so  that  the  ground  surface  is  nearly  all  shaded,  and  its  temperature 
rise  is  dependent  upon  the  wind  currents  and  convections;  (2)  the  air 
temperature  around  the  plants  and  at  the  surface  of  the  ground  is  low 
on  account  of  the  great  amount  of  transpiration  and  evaporation  that 
takes  place.  The  process  of  evaporation  has  a  most  tremendous  influ- 
ence upon  the  diminution  of  temperature.  The  amount  of  transpiration 
by  plants  is  not  inconsiderable.  Mulham  makes  the  statement  that 
areas  covered  with  vegetation  under  the  same  conditions  evaporate 
about  one-third  more  water  than  a  free  water  surface. 

In  the  cold  part  of  the  year,  the  decayed  and  partially,  decayed  vege- 
tation acts  as  a  blanket  over  the  surface  soil.  This  blanket  i)erforms 
several  functions,  chief  of  which  are:    First,  and  most  important,  the 
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prevention  of  the  cold  cnrrents  of  air  from  coining  in  contact  with  the 
surface  soil  and  thereby  cooling  it;  second,  the  layer  of  dead  vegetation, 
and  especially  when  it  is  quite  thick,  is  porous  and  the  spacer  are  filled 
with  air.  This  air  being  a  very  poor  conductor  of  heat,  does  not  trans- 
mit very  rapidly  the  heat  of  the  soil  to  the  air  above,  and  as  a  result 
the  soil  loses  its  heat  less  rapidly  than  if  it  were  unprotected.  Even 
in  the  summer  time,  the  vegetation,  though  it  is  growing,  acts  as  a 
blanket,  and  prevents  the  loss  of  heat,  as  evidenced  by  the  very  unappre- 
ciable  variation  that  exists  between  the  daily  maximum  and  minimum 
temperature. 

That  the  vegetation  acts  as  a  blanket  and  tends  to  prevent  the  loss 
of  heat  from  the  soil  was  confirmed  also  by  the  following  experiment : 
A  plot  was  covered  with  straw,  and  its  fall  of  temperature  was  com- 
jwired  with  that  of  a  plot  which  remained  unprotected.  The  results 
show  that  the  uncovered  soil  fi-oze  at  the  depth  of  7  inches  on  Decem- 
ber 11,  while  that  covei-ed  with  straw  fro/^  on  February  14th.  On 
certain  very  cold  nights  the  ground  covered  with  straw"  remained  as 
much  as  10°  F.  warmer  than  the  unprotected  ground. 

What  is  true  of  the  retarding  effect  of  vegetation  on  the  cooling  jof 
the  soil  in  the  fall  and  winter  applies  also  to  its  'w»arming  in  the  spring. 
If  the  ground  has  a  very  thick  layer  of  dead  vegetation  the  slow  rate 
of  warming  will  be  evident.  This  does  not  necessarily  mean,  howewr, 
that  the  soil  will  have  a  low^  daily  average  temperature  because,  while 
the  vegetation,  which  acts  as  a  blanket,  will  prohibit  a  very  high  rise  of 
temperature  during  the  day  it  will  equally  prevent  a  very  low  fall  of 
temperature  during  the  night,  and  since  the  trend  of  the  temperature  is 
upward,  the  sod  land  or  the  land  covered  with  straw  will  have  a  higher 
temperature  during  the  early  spring,  especially  during  rapid  alternation 
of  cold  and  warm  days,  than  a  bare  and  uncultivated  soil,  wiiich  on 
account  of  its  condition,  permits  gi'eater  and  more  nearly  proportional 
extreme*?  of  temperature.  These  facts  find  confirmation  in  the  present 
experiment.  In  the  first  spring  the  sod  and  uncultivated  plots  thawed 
on  the  same  day  and  the  temperature  of  the  former  plot  rose  several 
degrees  higher  than  that  of  the  latter,  and  also  of  the  cultivated  plot, 
w-ithin  the  next  few  days,  as  has  already  been  show-n.  Unfortunately  the 
thermographs  were  removed  at  this  time  (April)  for  repairs  and  conse- 
quently it  cannot  be  stated  how  long  the  temperatui-e  of  the  sod  land 
would  have  continued  to  be  higher  than  that  of  the  other  plots  and 
especially  of  the  uncultivated  plot.  The  uninten'upted  records  of  the 
second  spring,  however,  supply  the  data  for  this  point  and  show  that 
the  temperature  of  the  sod  plot  remained  above  that  of  the  other  plots 
until  the  beginning  of  INIay,  when  the  vegetation  had  grown  consider- • 
ably.  The  second  spring's  results  also  show^  that  the  sod  plot  thawed 
about  the  same  time  as  the  other  plots  and  that  its  temperature  rose 
above  that  of  the  latter.  Its  average  increase  of  temperature  over  the 
cultivated  plot  was  1.S2  F.  and  over  the  uncultivated  plot  2.34°  F.,  for 
the  month  of  April.  Evidently  the  results  of  the  second  spring  agree 
very  well  with  those  of  the  preceding  spring. 

The  interesting  question  that  suggests  itself  in  connection  with  the 
temperature  of  soils  thickly  covered  with  crops  is  w^hether  the  plants 
themselves  conduct  heat  into  the  soil,  since  the  temperature  of  the  latter 
is  far  below  that  of  the  air. 
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No  positive  statement  can  be  made  on  either  side  of  this  question  be- 
cause there  is  no  experimental  data  on  record.  Arguing  theoi*etically, 
however,  it  would  seem  that  the  soil  receives  no  heat  or  only  a  very 
unappreciable  amount  in  this  manner;  first,  because  the  plants  them- 
selves are  poor  conductors  of  heat;  and  second,  on  account  of  the  fact 
that  there  is  a  tremendous  amount  of  evaporation  or  transpiration  go- 
ing on  from  the  surface  of  the  plants.  Since  this  evaporation  tends  to 
lower  the  surrounding  temperature  very  markedly,  the  air  temperature 
around  and  between  the  plants  may  not  be  very  high  or  but  little  higher 
than  that  of  the  soil.  Nor  would  it  seem  likely  that  in  the  cold  period 
of  the  year  or  during  the  night  the  plants  would  be  effective  in  appre- 
ciably cooling  the  soil  by  mere  conduction. 

The  difference  in  temperature  between  the  cultivated,  and  uncultivated 
plots  is  very  interesting  and  needs  special  notice.  This  difference  in 
temperature  is  more  complex  than  it  is  commonly  thought,  and  our 
present  knowledge  and  interpretation  of  it  are  very  incomplete  and 
somewhat  faulty.  The  common  belief  is  that  the  uncultivated  soil  is 
always  warmer  than  the  cultivated  during  the  warm  part  of  the  year. 
The  reason  given  for  this  is  that  the  former  soil  being  a  good  conductor 
of  heat  on  account  of  its  compact  condition,  allows  the  heat  to  travel 
through  it  faster  and  to  greater  depths.  This  heat  during  the  night 
recedes  from  the  lower  strata  to  the  surface  and  keeps  the  up[)er  layers 
warm,  while  the  cultivated  soil,  on  account  of  its  loose  state,  is  a  poor 
heat  propagator,  and  allows  the  heat  to  penetrate  downward  very  slowly 
and  only  to  a  shallow  depth.  This  soil,  therefore,  during  the  day  will 
become  very  hot  on  the  top  or  upper  depth  and  during  the  night  very 
cold. 

The  results  which  have  been  obtained  in  the  last  two  years  do  not 
bear  out  these  beliefs  entirely.  In  the  first  place,  the  uncultivated  soil 
is  not  always  warmer  than  the  cultivated  during  the  warm  part  of  the 
year,  but  only  during  certain  seasons  or  times  of  this  part  of  the  year, 
and  under  certain  conditions;  and  in  the  second  place,  the  explanation 
given  for  the  existing  or  observed  difference  in  temperature  between 
these  two  differently  managed  soils  is  neither  complete,  nor  entirely 
correct. 

The  results  obtained  show  that  immediately  after  thawing  in  the 
spring  the  average  daily  temperature  of  the  cultivated  soil  7  inches 
deep,  rose  gradually  above  that  of  the  'uncultivated  and  continued  to 
remain  in  excess  until  about  the  middle  of  May,  and  then  the  order 
was  reversed.  The  average  temi)erature  of  the  cultivated  plot  for  the 
month  of  April,  in  the  spring  of  1913,  was  0.52^  F.  higher  than  that 
of  the  uncultivated.  The  records  for  the  same  month  for  the  spring 
of  1912  are  not  so  complete  but  those  that  are  available  tend  to  con- 
firm the  above  general  order.  The  uncultivated  soil  absorbed  a  greater 
amount  of  heat  during  the  day  time  than  the  cultivated  but  also  lost 
a  correspondingly  greater  quantity  of  heat  during  the  night  than  the 
latter  soil.  The  gain  and  loss  in  heat  in  the  uncultivated  soil  appears 
to  be  more  nearly  proportional  than  in  the  cultivated  soil.  The  average 
maximum  and  minimum  temperature  for  the  month  of  April  was  for 
the  uncultivated  soil  47.81°  and  41.80°  F.  and  for  the  cultivated  47.47° 
and  43.17°  P.,  respectively.  The  rise  of  temperature  in  the  cultivated 
21 
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ground  was  starting  ip  the  morning,  tlierefor,  at  a  higher  point,  some- 
times more  than  3°  F.  higher,  than  in  the  uncultivated,  so  that  the  latter 
soil  had  to  gain  almost  twice  the  amount  of  heat  in  order  that  its  aver- 
age or  even  its  maximum  temperature  might  equal  that  of  the  former. 
\\Tiat  brought  about  this  gradual  gain  in  heat  in  the  cultivated  soil 
will  be  explained  subsequently.  During  all  this  time,  however,  that  the 
temperature  of  the  upper  depth  of  the  cultivated  soil  was  higher  than 
that  of  the  uncultivated,  the  temperature  of  the  lower  depth  or  20 
inches  of  both  soils  was  practically  the  same.  As  soon,  however,  as  the 
temperature  of  the  lower  depth  of  the  undisturbed  soil  began  to  rise 
higher  than  that  of  the  disturbed,  the  temperature  of  the  upper  depth 
of  the  former  also  began  to  rise  higher  than  that  of  the  latter,  and  con- 
tinued to  be  higher  until  about  October.  This  is  a  strong  indication 
that  the  temperature  of  the  lower  depths  influences  some\i^hat  that  of 
the  upper  depth,  and  it  is  probably  this  factor  which  causes  the  unculti- 
vated soil,  at  the  upper  depth,  to  have  a  higher  temperature  than  the 
cultivated  soil,  at  the  same  depth,  during  the  warmest  part  of  the  year. 

The  foregoing  description  of  the  behavior  of  the  temperature  of  the 
cultivated  and  uncultivated  soils,  shows,  therefore,  that  the  imcultivated 
or  compact  soil  is  not  always  the  warmer  of  the  two,  in  the  warm  part 
of  the  year,  as  is  commonly  believed,  but  only  during  the  warmest  part 
of  the  year,  and  perhaps  under  certain  conditions  during  the  other 
warm  seasons.  The  question  now  is  what  factor  or  factors  bring  about 
or  cause  this  difference  in  temperature.  The  possible  explanations  may 
be  found  in  the  following  general  facts:  When  a  soil  is  cultivated  the 
area  of  its  surface  exposed  is  by  far  greater  than  that  of  a  compacted 
or  undisturbed  soil,  and  of  necessity  the  amount  of  evaporation  ia  the 
former  is  greater  than  in  the  latter.  As  a  result  of  this  difference  in 
evaporation  the  temperature  of  the  cultivated  soil  does  not  rise,  at  the 
beginning,  as  high  as  that  in  the  uncultivated.  As  soon,  however,  as  a 
dry  mulch  is  formed  on  the  disturbed  soil  its  loss  of  moisture  by  evap- 
oration is  reduced  considerably,  while  the  loss  in  the  undisturbed  soil  is 
still  large  and  consequently  its  rise  of  tem|)erature  is  small.  On  the 
other  hand,  the  heat  that  is  not  expended  in  the  evaporation  of  water 
is  rapidly  conducted  downward  in  the  case  of  the  uncultivated  soil, 
while  in  the  case  of  the  cultivated  soil  only  part  of  the  heat  is  conducted 
downward  the  other  part  is  radiated  back  to  the  atmosphere  by  the  dry 
mulch  at  the  top.  This  dry  mulch  forms  a  very  po«r  and  imperfect  con- 
tact with  the  moist  soil  below  and  as  a  result  acts  as  a  blanket,  analo- 
gous to  a  growing  crop  or  a  cover  of  straw,  and  does  not  impart  all  its 
heat  to  the  soil  below.  When  this  mulch  becomes  completely  dry  it 
gets  very  hot  during  the  sun  insolation,  in  fact  hotter  than  the  air  above, 
and  a  large  amount  of  this  excessive  heat  is  radiated  bjick  to  the  atmos- 
phere. This  fact  was  proved  by  the  following  series  of  experiments :  The 
bulbs  of  mercury  thermometers  were  placed  one  inch  above  the  surface 
of  both  the  cultivated  and  uncultivated  soils  and  it  was  found  that  the 
thermometer  over  the  cultivated  soil  registered  at  certain  days  from  9  to 
18°  F.  higher  than  that  placed  over  the  uncultivated  soil.  In  another  ex- 
periment the  bulbs  of  the  thermometers  were  placed  horizontally  over  the 
surface  of  both  soils  and  it  was  found  also  in  this  case  that  the  surface 
of  the  cultivated  soil  was  about  10°  F.  warmer  than  that  of  the  uncul- 
tivated soil.   In  still  another  experiment  the  bulbs  were  simply  covered 
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with  the  very  top  surface  material  from  both  plots  and  the  results  ob- 
tained were  in  the  same  order  and  degree  of  magnitude  as  the  foregoing. 
All  these  results  go  to  show,  therefore,  that  a  large  amount  of  heat  which- 
is  received  by  the  surface  of  the  cultivated  soil  is  radiated  back  to  the 
atmosphere,  which  accounts  for  its  small  rise  of  temperature  during 
the  day.  The  objection  may  be  raised,  however,  that  the  greater  temper- 
ature on  and  above  the  surface  of  the  cultivated  over  the  uncultivated 
soil,  was  probably  due  to  the  greater  amount  of  evaporation  of  water 
in  the  latter.  This  is  partly  correct,  and  especially  when  the  soils  are 
very  moist  and  the  capilary  action  is  very  active,  but  the  same  results 
were  obtained  when  the  soils  had  practically  th^  same  percent  of  mois- 
tmre. 

The  foregoing  explanation  concerning  the  difference  in  temperature 
between  the  cultivated  and  uncultivated  soil  is  further  confirmed  by  the 
following  experiment.  Wooden  boxes,  12  inches  square  and  2  inches 
high,  were  filled  with  moist  quartz  sand.  In  one  series  the  sand  was  well 
compacted  and  in  another  it  was  cultivated.  These  two  series  of  sands- 
were  then  placed  outdoors  during  very  hot  days  and  their  temperature 
was  recorded  every  15  or  30  minutes  from  morning  till  evening  for  two 
succeeding  days.  The  results  obtained  are  shown  in  the  following  table : 

TABLE  75—  TEMPERATURE  BETWEEN  CULTIVATED  AND  UNCULTIVATED  SAND -FIRST  DAY. 


Time 

9:00  a.  m. 

9:15 

0:30 

9:45 

lO.-OO 

10:15 

10:30 

10:4a 

53.8 

55.4 

56.7 

57.2' 

59.3 

61.0 

62.5 

64.0 

54.2 

66.6 

57.9 

50.8 

61. 

63. 

64.4 

65.6 

Time 

11:00 

11:30 

12:15 

12:30 

12:45 

1:00 

1:30 

2:00 

Cultivated  

65.8 

66.8 

60.8 

70.6 

71.2 

71.8 

73.0 

73.5 

67.4 

67.8 

70.4 

70.8 

71.3 

71.6 

71.7 

71.7 

Time 

2:30 

2:45 

3:00 

3:15 

3:30 

3:45 

4:15 

CuHivated  

74.0 

74.9 

73.7 

73.6 

72.8 

72.0 

71.2 

70.2 

Uncultivated  

71.0 

71.0 

70.4 

69.8 

68.7 

67.8 

66.8 

65.9 

Time 

4:30 

4:45 

5KX) 

5:15 

5:30 

5:45 

6K)0 

6:15 

Caltinted  

60.4 

68.4 

67.7 

66.6 

65  8 

64.8 

63.8 

62.6 

Uocultivated  

65.0 

64.0 

63.0 

62.2 

61.2 

60  3 

59.5 

58.2 

22 
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SECOND  DAY 


Time 

7.-00  a.  m. 

7:15 

7:30 

7:45 

SiOO 

8:16 

8:30 

8:45 

OsOO 

Cultivated  

50.2 

52.2 

54.2 

56.0 

58.0 

60.0 

61.8 

63.5 

65.2 

Uncultivated  . .  . 

51.4 

53.8 

56.2 

58.3 

60.7 

63.1 

65.2 

67.4 

60.6 

Time 

9:15 

9:30 

9:45 

10300 

10:15 

10:30 

14:45 

11:00 

11:15 

Culti>'ated  

66.6 

68.0 

69.7 

71.0 

72.2 

73.4 

74.7 

76.0 

76.0 

Uncultivated .... 

71.4 

73.2 

75.1 

76.6 

78  0 

79.4 

80.8 

82.2 

82.2 

Time 

11:30 

12K)0 

12:30 

IKX) 

1:30 

2:00 

7KX) 

7:30 

77.4 

78.4 

80.4 

81.8 

82.8 

83.1 

52.3 

52.2 

52.2 

Uncultivated  

83.6 

84.6. 

86.4 

87.6 

88.6 

86.6 

4S.8 

4S.7 

48.7 

This  table  bears  out  the  foregoing  explanation  perfectly.  It  will  be 
seen  that  at  the  beginning  of  the  experiment  the  temperature  of  the  cul- 
tivated sand  did  not  rise  as  fast  as  that  of  the  uncultivated.  This  was 
due  to  the  large  amount  of  evaporation  in  the  case  of  the  cultivated 
sand,  partly  on  account  of  its  greater  area  exposed  and  partly  because 
more  heat  was  accumulating  at  the  surface;  and  to  a  less  amount  of 
evaporation  and  to  a  small  quantity  of  heat  accumulating  at  the  sur- 
face, in  tlie  case  of  the  uncultivated  sand.  By  1.00  o'clock,  however,  the 
temperature  of  the  cultivated  sand  attained  the  same  degree  of  magni- 
tude as  the  other  sand.  From  that  time  on  the  results  were  reversed, 
the  cultivated  sand  attained  and  continued  to  have  a  higher  temperature 
than  the  uncultivated.  This  is  explained  on  the  basis  that  as  soon  as 
the  mulch  was  formed  on  the  surface  of  the  cultivated  sand  the  evapora- 
tion w^s  considerably  cut  down,  while  in  the  uncultivated  sand  it  was 
still  large.  The  amount  of  heat  that  was  expended  in  evaporating  the 
moisture  of  the  uncultivated  sand  was  apparently  larger  than  that  radi- 
ated back  to  the  air  by  the  dry  mulch  of  the  cultivated  sand.  On  the 
second  day  the  results  were  again  reversed,  the  cultivated  sand  which 
in  the  latter  part  of  the  previous  day  had  the  highest  temperature  of 
the  two  sands,  had  now  the  lowest.  This  is  again  explained  on  the  basis 
of  the  moisture  content  and  of  the  effect  of  the  dry  mulch.  The  uncul- 
tivated sand  lost  most  of  its  moisture  in  the  previous  day  during  the 
time  that  its  temperature  remained  below  that  of  the  cultivated,  while 
the  latter  lost  less  except  at  the  beginning  of  the  experiment.  The  result 
was  that  the  uncultivated  sand  was  losing  now  a  less  amount  of  heat 
by  evaporation  and  consequently  utilizing  more  of  the  air  temperature 
for  the  raising  of  its  own  temperature,  while  the  cultivated  sand  had 
still  some  moisture  below  the  dry  mulch  and  on  account  of  the  slow  but 
cont'nuous  evaporation  of  this  moisture,  and  also  on  account  of  the 
lai  ^je  amount  of  heat  received  being  radiated  back  to  the  atmosphere  by 
the  dry  mulch,  this  sand,  therefore,  was  now  utiliring  a  less  amount  of 
heat  for  the  raising  of  its  own  temperature,  and  consequently  its  tern- 
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perature  was  below  that  of  the  uncultivated  sand.  The  moisture  content 
of  these  series  of  sands  was  determined  at  the  beginning  and  at  the 
end  of  the  experiment  and  it  was  found  to  be  as  follows:  Initial  percent 
moisture  of  both  sands  8% ;  at  end  of  experiment,  cultivated  sand  1.4%, 
uncultivated  sand  1.30%.  The  cultivated  sand  would  show  a  gi-eater 
moisture  content  if  the  dry  mulch  had  been  excluded  from  both  series  of 
sands. 

The  dry  mulch  does  not  only  prevent  the  soil  from  attaining  a  high 
temperature  during  the  day  but  also  prevents  the  soil  from  attaining  a 
low  temperature  during  the  night.  Its  effect  here  is  threefold:  (1)  it 
acts  as  a  blanket  and  greatly  reduces  the  rapid  loss  of  heat;  (2)  it 
reduces  the  loss  of  heat  by  cutting  down  the  radiation,  as  it  has  already 
been  shown;  and  (3)  it  tends  to  conserve  moisture  in  the  lower  strata 
and  thereby  increases  the  specific  heat  of  the  soil  and  consequently  re- 
duces the  rate  of  cooling.  It  is  partly  on  account  of  these  effects,  there- 
fore, that  the  cultivated  soil  seems  to  be  accumulating  more  heat  during 
the  early  spring  than  the  uncultivated  soil,  and  to  cool  less  rapidly 
during  a  severe  cold  weather. 

The  effectiveness  of  the  dry  mulch  to  conserve  moisture  is  shown  in 
the  following  table.  This  table  contains  the  percent  moisture  content 
of  all  the  different  plots  as  determined  during  the  different  periods. 

TABLE  76— PERCEJfT  MOISTURE  OF  THE  DIFFERENT  PLOTS. 


Date. 

Unculti- 
vated T 

Culti- 
vated 7* 

Sod  7' 

April  4  ■  

21.52 
11.53 
14.56 
13.81 

23.61 
13.85 
15.47 
13.82 

17.37 
12.02 
10.83 
13.97 

That  the  better  heat  conducting  power  of  the  uncultivated  or  compact 
soil  over  the  cultivated  or  loose  soil  is  not  the  greatest  factor  which 
causes  the  difference  in  temperature  between  these  soils  is  further  proved 
by  the  fact  that  the  temperature  begins  to  rise  at  the  depth  of  7  inches 
in  the  cultivated  soil  only  about  half  an  hour  later,  as  has  already  been 
shown,  than  it  does  in  the  uncultivated  soil.  This  is  a  strong  evidence, 
that  the  loose  soil  below  the  dry  mulch  is  not  so  poor  a  heat  propagator 
as  is  commonly  believed,  and  that  it  is  not  the  main  cause  of  the  differ- 
ence in  temperature  between  these  differently  managed  soils. 

Summarizing  the  forgoing  data,  then,  it  has  been  seen  that  the  un- 
cultivated soil  does  not  always  have  a  higher  temperature  than  the  cul- 
tivated soil,  during  the  warm  part  of  the  year,  but  only  at  the  warmest 
part  of  this  period  and  especially  when  the  temperature  of  its  lower 
depths  is  much  higher  than  that  of  the  corresponding  ^depths  on  the  cul- 
tivated soil,  and  that  the  factors  which  bring  about  the  difference  in 
temperature  on  these  soils  at  the  upper  depths  are  (1)  the  dry  mulch 
on  the  cultivated  soil,  (2)  different  rates  of  evaporation,  (3)  the  differ- 
ent rate  of  heat  propagation  and  (4)  the  higher  temperature  at  the 
lower  depths  of  the  uncultivated  over  the  cultivated  soil. 
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MONTHLY  RANGE  OP  TEMPERATURE. 
TABLE  77— MONTHLY  RANGES  OF  TEMPERATURE  OF  THE  UNCULTIVATED,  CULTIVATED  AND  SOD  PLOTO. 


AlAlUO  Ul  II1UUW« 

Uncultivated. 

Cultivated. 

Sod. 

V 

20* 

V 

20' 

7*      '  20' 

.87 
1.83 
.31 

.35 

.49 
1.09 
.35 

.35 
.18 
.38 

.70  .28 
if\  17 

.-^ 

March 

.51 
6  30 

.51 
3  28 

.61 
1.04 

.35 
4.84 

Anril 

mSI 

6.76 
6.07 
5.29 

.8 
1.06 
.00 

5  40 
4  42 

3.83 

.66 
.67 
.58 

2.60 
1  47 
1.13 

July  

.32 
.52 

5.70 
4.74 
2.40 

1.10 
1.19 
.04 

4.60 
3  58 
2.13 

1.10 
1.06 
1.00 

1.03 
1.06 
.84 

.47 
.84 
.57 

October  

The  foregoing  table  contains  the  monthly  ranges  between  the  maxima 
and  minima  temperature  of  the  three  different  plots  for  the  different 
months.  It  will  be  seen  that  the  amplitude  of  the  upper  7  inches  of 
every  plot  increased  from  the  winter  months  up  to  a  certain  time  in 
the  warm  part  of  the  year  and  then  decreased.  The  maximum  monthly 
amplitude  that  was  reached  was  at  different  times  for  the  various  plots. 
For  the  cultivated  it  was  in  June,  for  the  uncultivated  July,  and  for 
the  sod  April.  With  the  exception  of  the  last  month  the  variation  be- 
tween the  highest  and  lowest  temperature  was  greatest  for  the  unculti- 
vated, smallest  for  the  sod  and  medium  for  the  cultivated.  The  ampli- 
tude of  the  sod  was  very  small  indeed  in  comparison  with  that  of  the 
other  plots. 

The  amplitude  of  the  18  inch  depth  is  not  as  complete  as  that  of  the 
7  inch  depth  but  for  those  months  that  there  are  records  for  show  that 
the  magnitude  was  far  below  that  of  the  upper  depth,  that  it  was  great- 
est for  the  uncultivated,  followed  in  order  by  the  cultivated  and  finally 
by  sod,  and  that  the  variation  from  month  to  month  was  not  anywhere 
near  as  great,  for  any  plot,  as  it  was  in  the  upper  depth. 
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COMPARISON   BETWBEN   MONTHLY  AVERAGE  TEMPERATURE   OF  THE   AIR  AND 
OF  THE  DIFFERENT  PI/XTS. 

TABLE  78.-COMPARISON  BETWEEN  MONTHLY  AVERAGE  TEMPERATURE  OF  THE  AIR  AND  OP  THE  DIP- 

PERENT  PLOT. 


Soilfl. 

December. 

Januftiy. 

February.  March. 

April. 

May. 

7' 

20* 

7» 

20' 

T 

20' 

7' 

20' 

7' 

20* 

7' 

20* 

34.50 
34  84 
34.78 

36.62 
35.94 
37.07 

27.73 
27.79 
29.22 

30.73 

31.81 
30.60 
30.81 

42.241 
39  63 
41.93 

CultJTBted  

Sod  

30.92 

29.42 
30.07 

30.06 

30  67 

37.10 

54.12 

50.88 

A  IP 

31.90 

10.80 

17.15 

27.87 

60.57 

61.61 

Soib, 

June. 

July. 

August. 

September. 

October. 

November. 

7' 

20' 

T 

20' 

T 

20' 

7' 

63  48 
62.80 
59  60 

20' 

7* 

20' 

7' 

20' 

Uncultivated  

Cultivated  

Sod  

65.25 
64.40 
61.97 

62  00 
60  64 



71.09 
70.04 

65.55 

66.94 
66  61 
64.00 

66.60 
66  24 
63  39 

63.80 
63.75 
63  74 

61  90 
61.84 
61.40 

50.24 
50.46 
48.46 

50.89 
50.90 
52.43 

39.77 
39.50 
30.85 

41.20 
41  27 
45.07 

Air  

70.47 

75.71 

72.75 

68.58 

54.39 

41.59 

The  air  temperature  was  above  that  of  all  the  plots  from  April  to 
December.  The  difference  between  the  two  classes  of  temperatures 
among  the  different  plots  varied  in  the  different  months. 
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EFFECT  OF  SOLUBLE  SALTS  ON  THE  RISING  AND  LOWERING 
OF  TEMPERATURE  OF  SOILS. 

OBJECT  AND  METHOD  OF  EXPERIMENTATION. 

Solutions  possess  many  physical  properties  which  have  a  very  decided 
influence  on  temperature.  Solutions  of  greater  densities  possess  a  lower 
freezing  point,  a  higher  boiling  point,  a  lower  vapor  pressure,  a  higher 
surface  tension  and  a  higher  viscosity,  than  solutions  of  lower  concen- 
tration. All  these  properties  vary  with  the  composition  of  the  solution 
and  influence  the  rising  and  lowering  of  temperature  either  directly  or 
indirectly.  Soils,  therefore,  with  different  densities  of  solution  will  have 
different  rising  and  lowering  of  temperature.  Rising  and  lowering  are 
employed  here  as  general  terms  and  are  intended  to  include  the  rate 
of  freezing,  the  degree  of  the  lowering  of  the  freezing  point,  the  rate  of 
thawing,  the  rate  and  degree  of  rising  temperature,  etc. 

In  the  literature  of  soil  temperature  no  record  is  found  on  the  effect 
of  soluble  salts  on  the  rising  of  soil  temperature,  but  there  is  one  work 
reported  on  the  other  phase  of  this  subject.  This  is  by  Ulrich,^*  and  it 
is  on  the  influence  of  frosts  on  the  temperature  conditions  of  soils  with 
different  salt  content.  He  conducted  the  investigation  by  mixing  fine 
kaolin  in  cylinders  ^^ih  .05,  0.1  and  0.2  percent  of  Co  (OH)  2,  NaClz, 
NaNOg,  and  some  other  salts  and  subjected  the  mixtures  to  temperatures 
varying  from  0  to  -10°  C.  The  results  show,  in  general,  that  the  tem- 
i:>erature  of  freezing  was  lowered  by  the  addition  of  salts,  the  greater 
the  amount  of  salt  present  the  greater  the  lowering  of  temperature. 
When  the  soil  water  froze  the  temperature  of  the  soil  rose  at  once  to 
0°  C,  remained  for  a  time  at  this  point  and  then  gradually  fell  under 
the  influence  of  the  low  temperature.  Certain  salts,  such  as  Ca  (OH) 2, 
CdCL,  etc.,  retarded  this  fall  of  temperature,  others  such  as  KOH,  etc., 
hastened  it. 

In  order  to  ascertain  more  positively,  if  possible,  to  what  extent  the 
cooling  and  warming  of  the  soil  is  affected  by  the  different  soluble  salts 
and  what  kind  of  salts  have  the  greatest  influence  in  either  respect,  the 
folowing  experiments  were  undertaken.  They  consisted  in  '  placing 
equal  amounts  of  quartz  sand  in  wooden  boxes,  12  inches  square  and  2 
inches  high  with  bottoms  and  no  top,  and  then  placing  this  sand  in  the 
boxes  out  doors  on  a  stand  to  study  either  the  lowering  or  rising  of 
temperature.  The  quartz  sand  in  the  diffei^nt  boxes  was  previously 
thoroughly  moistened  with  different  solutions  of  various  concentrations. 
These  densities  varied  from  one-half  to  three  times  normal.  Where 
direct  comparison  was  desiretl,  either  between  the  different  concentra- 
tions within  the  same  salt  or  between  different  salts,  the  same  amounts 
of  solution  were  added  to  equal  weights  of  quartz  sand.  The  study  of 
the  rising  of  temperature  was  conducted  during  clear  hot  days  in  sum- 
mer, and  that  of  the  lowering  of  temperature  was  carried  on  during 

»«  Forech.  a.  d.  G.  a.  Agrik.  Phy.  II  :  218  -  229,  1897, 
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cold  eyeningB  in  the  winter.  In  the  former  case,  the  temperatures  were 
read  on  Centigrade  thermometers  reading  from  0  to  110°  and  graduated 
to  0.1®,  while  in  the  latter  case  Fahrenheit  thermometers  were  em- 
ployed, especially  constructed  for  the  purpose  which  read  from  -32  to 
+100®  and  were  graduated  to  0.2®. 

The  data  obtained  for  both  studies  are  contained  in  the  following 
pages.   The  results  of  the  rising  of  temperature  will  be  presented  first. 


BISING  OF  TEMPERATURE. 

Experiment  1.  This  was  a  preliminary  experiment.  It  consisted  of 
studying  the  effect  of  KCL  on  the  rise  of  temperature  in  comparison 
with  that  of  water.  The  solution  was  prepared  by  dissolving  three 
times  the  molecular  weight  of  the  salt  in  one  liter  of  water.  Then  250 
cc.  of  the  solution  as  well  as  of  water  were  added  to  portions  of  6372 
grams  of  quartz  sand.  The  duplicate  boxes  containing  the  moist  sand 
were  then  placed  in  the  sun  and  the  temperature  records  were  taken  at 
various  times.  The  results  obtained  are  given  herewith : 

TABLE  TO.-EPFBCT  OF  SALT  SOLUTIONS  ON  THE  RISE  OF  SOIL  TEMPERATURE. 


Name  of  solutioD. 

9:30  a.  m. 

11:00  a.  m. 

1:00  p.  in. 

4:03  p.  nu 

9:00  p.  m. 

HsO  

21 

21.55 

24.43°C 
27.04 

28.68*'C 
30.88 

23.40*C 
24.08 

17.43*0 
17.70 

Ka  

It  will  be  seen  that  at  the  beginning  the  temperature  of  both  HjO 
and  KCL  treated  sand  is  practically  the  same,  but  that  from  then  on  the 
temperature  of  the  KCL  rises  more  rapidly  than  that  of  the  water  and 
at  1:00  P.  M.  when  the  maximum  of  both  was  reached,  the  difference 
is  2.20®  C.  in  favor  of  the  KCL  treated  sand.  From  that  period  on  the 
temperature  of  both  series  falls  and  at  9 :00  P.  M.  it  is  again  about  the 
same. 

Experiment  2.  In  this  experiment  NH^Cl,  NaNog  and  CaClj  were 
used.  Their  solutions  were  prepared  by  dissolving  three  times  their  nor- 
mal molecular  weight  in  one  liter  of  water.  Exactly  450  cc.  of  each  solu- 
tion was  added  to  5,770  grams  of  sand ;  the  same  number  of  cubic  centi- 
meters of  water  being  also  added  to  an  equal  weight  of  sand  for  compari- 
son or  as  a  standard.  The  moistened  sand  was  then  placed  in  the  regu- 
lar boxes  and  the  temperature  rise  was  studied  on  a  warm  clear  day. 
The  following  are  the  results  of  this  experiment: 

TABLE  80.-EFFECrr  OF  SOLUBLE  SALTS  ON  THE  RISE  OF  SOIL  TEMPERATURE. 


Name  of  aolution. 

9:00  a.  m. 

11:30  a.  m. 

1:30  p.  m. 

5:30  p.  m. 

H2O  

20.85°C 

24.03°C 

22.90°C 

18.93°C 

21.90 

26  86 

26.93 

20.70 

22.23 

27.72 

27.45 

20.20 

22.00^ 

26.78 

26.50 

20.73 
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As  in  the  foregoing  experiment  these  figures  show  that  at  1 :30  P.  M. 
when  the  maximum  temperature  was  reached,  the  sand  treated  with  the 
different  salts  was  much  warmer  than  that  treated  with  water.  The 
highest  temperature  attained  was  by  CaClj  and  followed  respectively  by 
NH4CI,  NaNOg  and  water.  The  amplitude  between  the  CaClj  and  water 
is  4.55°. 

Experiment  3.  In  this  experiment  K2HPO4,  KjCOj  and  K2SO4  were 
employed  and  as  usual  their  solutions  were  prepared  by  dissolving  three 
times  their  equivalent  molecular  weight  in  one  liter  of  water,  then  460 
cc.  of  each  solution  as  well  as  of  water  were  added  to  6500  grams  of 
sand.  The  temperature  records  were  made  in  the  manner  already  de- 
scribed and  the  following  data  were  obtained : 

TABLE  81— EFFECT  OF  SOLUBLE  SALTS  ON  THE  RISE  OF  SOIL  TEMPERATURE. 


Name  of  solution. 

8:45  a.  m. 

11:25  a.  m. 

1:30  p.  m. 

6:30  p.  m. 

HBO  

23.40*'C 

26.10*0 

27.20'»C 

20.30**C 

K2HPO4  

23.15 

27.53 

31.20 

21.40 

KaCOs  

23.13 

32.03 

35.25 

22.03 

K28O4  

23.55 

20.48 

32.38 

21.83 

This  experiment  gives  more  confirming  evidence  that  the  density  of 
solution  brings  about  a  rising  of  temperature  in  soils.  It  is  seen  that 
at  1:30  P.  M.  the  difference  in  temperature  between  pure  water  and 
KgCOa  is  8.05°  in  favor  of  the  latter. 

The  difference  obsen^ed  in  temperature  between  the  last  different  salt 
solutions  is  partly  due  to  unequal  concentration  because  of  different 
solubility  of  the  salts.  Only  about  half  of  the  KjSO^  and  about  three- 
fourths  of  the  K2HPO4  dissolved,  while  the  whole  amount  of  the  K2OO3 
went  into  solution. 

Experiment  4.  In  the  foregoing  experiments  different  salts  of  the  same 
density  were  used.  In  this  experiment  different  densities  of  the  same 
salt  solution  were  tested.  The  salt  used  was  NaCl  in  the  proportion  of 
0.0,  1,  2,  and  3  times  its  normal  molecular  weight  in  one  liter  of  water. 
Exactly  460  cc.  of  each  solution  were  added  to  6500  grams  of  sand.  The 
temperature  data  obtained  are  given  below: 

TABLE  82  -EFFECT  OF  DIFFERENT  DENSITTEvS  OF  SOLUTION  ON  THE  RISE  OF  SOIL  TEMPERATURE. 


Name  of  solution. 

9KX)a  m. 

11:15  a.  m. 

lK)Op.  m. 

2:30  p.  m. 

H2O 
1-N 
2  N 

19.73°C 

23.4 

24.95'»C 

24.75*C 

NaCl 

19.13 

25.8 

27.63 

27.13 

NaCl   

19.00 

26.35 

29.25 

28.6 

3  N 

NaCl  

18.75 

26.53 

30.48 

29.85 

It  is  seen  that  at  the  different  periods  and  especially  at  1:00  P.  M. 
when  the  maximum  temperature  was  attained,  the  temperature  rise  in- 
creases with  the  increase  in  density.    At  this  latter  period  the  differ- 
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ence  between  the  pure  water  and  the  highest  concentration  is  5.53°. 

Experiment  5.  In  this  experiment  an  attempt  was  made  to  study  the 
influence  of  the  salt  solutions  on  the  rise  of  temperature  under  practical 
conditions.  The  experiment  was  performed  by  inserting  into  the  ground 
mercury  thermometers  to  a  depth  of  three  inches,  and  12  inches  apart, 
and  placing  over  an  equal  area,  around  each  thermometer,  equal  quanti- 
ties of  water  and  some  kind  of  salt  solution.  The  general  trend  of  the 
different  tests  is  well  illustrated  by  the  experiment  below  in  which  NaOl 
and  HjO  were  used.  Exactly  500  cc.  of  each  was  poured  around  each 
thermometer.  The  solution  was  prepared  by  dissolving  100  grams  of  the 
salt  in  one  liter  of  water. 


TABLE  83.— EFFECT  OF  SOLUBLE  SALTS  ON  THE  RISE  OF  SOIL  TEMPERATURE. 


Name  ol  Bolution. 

10:00  a.  m. 

1:50  pm. 

3:10  p.  in. 

5:45  p.  m. 

HaO  

68.5*F 
68.5 

75.5*»F 
81.5 

7fl.7*F 
83.4 

76.0*F 
80.8 

N»C1  ■  

It  is  evident  that  as  in  the  preceding  experiments  with  sand,  the  salt 
solution  has  a  predominate  influence  on  the  rise  of  temperature.  It  will 
be  seen  that  at  3:10  when  the  maximum  temperature  was  attained  for 
the  day  the  soil  treated  with  the  salt  solution  is  6.70°  F.  warmer  than 
the  soil  treated  with  pure  water. 

That  the  concentration  of  solution  influences  the  rising  of  temperature 
and  that  this  degree  of  rising  may  be  considerable  is  beyond  any  doubt 
from  the  foregoing  work.  The  question  now  is  what  factor  or  factors 
bring  about  this  result.  From  all  evidence  it  appears  to  be  due  to  the 
diminution  of  evaporation  of  water  by  the  higher  surface  tension  and 
lower  vapor  tension  of  the  higher  densities.  If  this  be  so  then  the  sand 
treated  with  the  most  concentrated  solutions  should  contain  at  the  end  of 
a  certain  period  or  at  the  time  when  the  maximum  temperature  is  at- 
tained, a  higher  percentage  of  moisture  than  the  sand  to  which  was 
added  pure  water  or  dilute  solutions.  The  determination  of  the  moisture 
content  of  some  of  the  lots  of  sand  shows  such  to  be  the  case.  These 
moisture  tests  were  made  by  pouring  all  the  sand  contained  in  the  box 
into  a  large  pan  thoroughly  mixing  it  and  taking  composite  sample 
from  the  mass.   The  results  obtained  are  given  herewith : 


TABLE  84  —MOISTURE  CONTENT  AT  END  OF  EXPERIMENT. 


Name  of  solution. 


HaO.  ... 
KHsPO* 
KsCOa.. 


Per  cent 
moisture. 


2.30 
3.25 
4.7 
4.0 


It  will  be  seen  that  the  moisture  content  is  higher  in  the  sand  treated 
with  the  salt  than  with  pure  water,  hence  it  supports  the  hypothesis. 
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The  interesting  question  that  arises  now  is:  Is  the  influence  of  the 
density  of  the  salt  solutions  permanent  or  temporary?  In  other  words, 
will  the  temperature  of  the  sand  or  soil  treated  with  the  salt  solutions 
always  continue  to  be  higher  than  that  of  the  sand  or  soils  treated  with 
water?  For  the  answer  of  this  question  the  experiment  below  was  con- 
ducted. It  consisted  in  treating  sand  with  normal  solutions  of  KHjP04, 
KCL,  and  NaNOg,  and  studying  the  temperature  for  a  number  of  days. 
The  data  obtained  are  presented  in  the  following  table: 

TABLE  85. -EFFECT  OF  SOLUBLE  SALTS  ON  THE  RISE  OF  SOIL  TEMPERATURE. 


Name  of  solution. 

Firet  day. 

Second  day. 

Third  day. 

Fourth  day. 

8:45  a.  m. 

12  m. 

7K)0  a.  m. 

1:15  p.  m. 

8K)0a.  m. 

1:30  p.  m. 

8.00  a.  m. 

2:00  p.  m. 

H2O  

24.15°C 

27.9  °C 

17.2 

29.35T 

22.8  *C 

39.96*^ 

22  0  *( 

KH2PO4  

24.0 

29.5 

17.5 

30.15 

22.25 

37.60 

22.10 

37.5 

KCl  

23.85 

30.7 

17.6 

31.35 

22  65 

39.75 

22.45 

38.2 

NaNOa  

23.80 

31.55 

17.65 

32.25 

22.8 

38.7 

22.7 

37.7 

These  results  show  that  on  the  first  day  the  temperature  of  the  sand 
treated  with  the  salt  solution  is  considerably  higher  than  that  of  the 
sand  treated  with  pure  water  but  the  differences  decrease  in  each  suc- 
ceeding day  until  the  third  day  they  not  only  disappear  but  the  previous 
order  is  reversed :  the  sand  treated  with  water  has  a  higher  temperature 
than  the  sand  treated  with  the  salt  solutions. 

The  same  order  of  results  were  also'  obtained  with  the  soil :  after  the 
first  day  the  temperature  of  both  series  was  about  the  same. 

This  reversed  order  of  the  results  may  be  explained  again  on  the  basis 
of  the  moisture  content.  The  percentage  of  moisture  of  the  sand  differ- 
ently treated  was  determined  at  the  end  of  the  third  day  with  the  fol- 
lowing results: 

TABLE  86.-MOISTURE  CONTENT  AT  END  OF  EXPERIMENT. 


Name  of  solution. 


H2O.... 
KHaFO, 

KCl  

NaXOs 


Per  cent 
moisture. 


.82 
1.16 
1.67 
1.90 


It  is  seen  that  even  now  the  moisture  content  of  the  sand  treated 
with  the  salt  solutions  is  much  higher  than  that  of  the  sand  treated  with 
pure  water,  but  in  both  cases  the  amounts  are  quite  low.  Now  it  is 
conceived  that  in  the  sand  treated  with  water,  there  is  very  little  evapo- 
ration going  on  because  the  moisture  present  is  reduced  almost  to  the 
hygroscopic  state,  while  in  the  sand  treated  with  the  salt  solutions  there 
is  some  evaporation  going  on  because  the  moisture  content  is  still  con- 
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siderable.  The  result  is  that  the  temperature  of  the  former  is  raised 
above  that  of  the  latter. 

In  humid  regions  the  effect  of  density  of  the  soil  solution  upon  the 
diminution  of  evaporation  and  hence  upon  the  rising  of  temperature,  is 
probably  not  very  large  but  in  the  air  dry  regions — in  the  alkaline  lands 
— it  must  be  very  considerable. 

The  interesting  question  that  arises  now  is,  is  the  temperature  of  the 
leaves  of  plants  grown  in  different  densities  of  solution  any  different. 
The  writer^^  has  shown  that  the  density  of  the  plant  cell  sap  increased 
with  the  increase  in  concentration  of  the  solution  in  which  the  plants 
grew  and  that  the  relative  transpiration  or  the  number  of  grams  of 
water  transpired  to  produce  one  gram  of  dry  matter  decreased,  above 
a  certain  point,  with  the  increase  in  concentration  of  the  solution.  In 
the  light  of  all  these  facts  the  conclusion  is  irresistable  that  the  leaves 
of  plants  gror\i^  in  solutions  of  high  concentration  must  have  a  higher 
temperature  during  the  summer  than  the  leaves  of  plants  grown  in  solu- 
tion of  low  concentration.  In  the  winter  however,  the  former  leaves 
will  have  a  lower  freezing  point  than  the  latter  leaves. 

LOWERING  OP  TEMPERATURE. 

The  effect  of  salt  solutions  upon  the  cooling  or  lowering  of  tempera- 
ture of  soils  was  studied  in  the  same  manner  as  the  foregoing  with  few 
exceptions.  The  chief  differences  being  that  the  present  study  was  con- 
ducted in  winter  when  the  air  temperature  was  very  low,  the  thermom- 
eters used  were  differently  constructed,  and  that  in  some  cases  earthen- 
w^ire  jars  3  inches  high  and  3  inches  in  diameter  were  used  instead  of 
the  wooden  boxes.  The  extent  and  nature  of  the  work  will  be  revealed 
in  the  description  and  discussion  of  the  following  experiments: 

Experiment  1.  This  experiment  consisted  in  studying  the  effect  of 
different  concentrations  of  KCl  and  NH4CI  upon  the  rate  of  cooling  and 
the  degree  of  lowering  of  the  freezing  point  and  also  upon  the  rate  of 
thawing  and  rising  of  temperature.  The  experiment  was  prepared  by 
placing  1546  grams  of  quartz  sand  in  the  earthenware  jars  and  adding 
to  the  sand  300  cc  of  solutions  of  0.0,  0.5,  1.0  and  1.5  normal  of  KCl 
and  NH4CI ;  then  placing  the  vessels  containing  the  sand  outdoors  upon 
a  stand  during  a  cold  night  and  taking  records  of  the  rate  of  falling  of 
temperature  every  10  minutes  with  thermometers  graduated  to  0.2°  F., 
until  the  temperature  of  the  sand  in  all  the  pots  was  about  the  same 
as  the  air  temperature.  The  next  morning  when  the  air  temperature 
began  to  rise,  the  jars  were  brought  into  the  Laboratory,  whose  tempera- 
ture remained  quite  constant  along  65°  F.,  and  the  rate  of  thawing 
and  rising  of  temperature  was  studied  by  taking  records  every  10  min- 
utes until  the  sand  in  all  the  different  pots  was  about  the  same  and 
close  to  the  room  temperature.  The  data  obtained  in  this  experiment  are 
shown  in  the  tables  below  with  their  accompanied  charts: 

Bouyoucos,  G.  J.   Transpiration  of  'wheat  seedlings  as  aflfected  by  dififerent  densities  of  a  com- 
plete nutrient  solution  in  water,  sand  and  soil  cultures. 
Beihefte  zum  Botanischen  Centralblatt. 
Heft  1.  November,  1912. 
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TABLE  87 -EFFECT  OF  SALT  SOLUTIONS  ON  THE  RATE  OF  FREEZING  AND  THE  DEGREE  OF  THE  LOW- 
ERING OF  THE  FREEZING  POINT. 


Time, 

P.M. 

3:55 

4K)5 

4:15 

4:25 

4:35 

4:45 

4:55 

5:05 

5:16 

5:25 

5:35 

5:45 

5:55 

HjO  

0.5nKCl  

1.0n  KCl  

1.5n.KCI  

0.  5n.NH4Cl  

1.  ')n.NH4CI  

l.>n.NH4Cl  

61.0 
61.7 
61.4 
61.8 
62  5 
62.0 
62.2 

54.2 
54.0 
53.8 
54.2 
54.2 
54.6 
54.8 

49.7 
49.8 
49.4 
49.7 
49.7 
50.3 
50.4 

44.8 
44.9 
44.7 
44.8 
44.9 
45.6 
45.6 

41.0 
41.1 
40.9 
41.0 
41.0 
41.7 
41.7 

36.6 
36.9 
36.5 
36.6 
36.7 
37.7 
37.5 

34.0 
33.3 
33.0 
33.0 
33.0 
33.6 
33.5 

32.4 
30.0 
29.6 
29.6 
29.8 
30.6 
30.2 

32.0 
28.6 
26.8 
26.8 
28.0 
27.8 
27.4 

31.8 
28.8 
25.2 
25.0 
28.4 
26.0 
25.0 

31.8 
28.8 
23.4 
23.2 
28.4 
24.4 
24.0 

31.8 
28.8 
25.6 
21.6 
28.4 
25.0 
22.6 

31.8 
28.8 
25.6 
20.4 
28  4 
25.0 
22.0 

Air  

20.5 

19.5 

19.0 

18.0 

16.5 

13.5 

13.5 

13.0 

13.0 

12.6 

12.5 

12.0 

12.0 

Time. 

P.M, 

6:05 

6:15 
4 

6:25 

6:35 

6:45 

6:55 

7K)5 

7:15 

7:25 

7:35 

7:45 

7:55 

HaO  

0.5n.KCl  

1.0n.KCl  

1.5n.KCl  

0.5nNH4r!   

O.O11.NH4CI  

I.511.NH4CI  

31.8 
28.6 
25.6 
19  2 
28.2 
25.0 
22.0 

31.8 
28.6 
25.4 
20.6 
28.2 
25.0 
22.0 

31.8 
28.4 
25.2 
20.8 
28.2 
25.0 
22  0 

31.8 
28.2 
25.0 
20.8 
28.2 
25.0 
22.0 

31.8 
27.8 
24.5 
20.6 
27.6 
24.8 
21.8 

31.8 
27.5 
24.1 
20.4 
27.6 
24.4 
21.6 

31.8 
27.2 
23.6 
20.1 
27.1 
24.1 
21.4 

31.8 
26.8 
23.4 
19.9 
26.6 
24.0 
21.2 

31.6 
26.4 
23.0 
19.6 
25.8 
23.6 
21.0 

31.4 
25.8 
22.6 
19.4 
25.0 
23.4 
20.6 

30.9 
25.4 
22.4 
19.2 
24.4 
23.0 
20.4 

30  0 
25.0 
22.0 
10.0 
23.6 
22.8 
20.2 

Air  

11.7 

11.5 

11.5 

11.5 

11.3 

11.3 

11.3 

11.2 

12.0 

12.2 

12.5 

12.2 

Time. 

P.M. 

8:05 

8:15 

8:25 

8:35 

8:45 

8:55 

9K)5 

9:15 

9:25 

9:35 

9:46 

9:55 

HaO  

0.5n.KCl  

1.0n.KCI  

1.5n,KCl  

0.5n.NH4Cl  

LOnNH/n  

J.5n.NH4Cl  

29.2 
24.6 
21.8 
18  8 
23.2 
22  6 
20.0 

28.1 
24.4 
21.5 
18.7 
22.6 
22.4 
19.8 

26.8 
24.0 
21.2 
18.6 
22.2 
22.2 
19.8 

25.0 
23.6 
21.0 
18.4 
21.6 
22.0 
19.6 

23.6 
23.2 
20.8 
18.4 
21.2 
21.8 
19.4 

22.4 
23.0 
20.6 
18.2 
20.7 
21.6 
19.4 

21.8 
22.6 
20.4 
18.2 
20.2 
21.4 
19.2 

21.4 
22.2 
20.2 
18.1 
19.8 
21.2 
19.0 

20.7 
21.9 
20.0 
18.0 
19.4 
21.0 
19.0 

20.0 
21.6 
19.8 
17.9 
19.0 
21.0 
18.8 

19.4 
21.2 
19.6 
17.8 
18.6 
20.8 
18.7 

18  9 
20.8 
19.4 
17.7 
18  4 
20  5 
18.6 

Air  

13.5 

12.4 

13.0 

12.5 

12.0 

13.0 

14.0 

14.0 

13.0 

12.5 

14.0 

14.0 

Time. 

P.  M. 
10:05 

10:15 

10:25 

10:35 

10:45 

10:55 

11K» 

11:15 

11:25 

11:35 

11:45 

11:55 

HaO  

0.5n.KCi  

1.0n.KCl  

1.6n.KCl  

0.5ii.NH4n  

I.O11.NH4CI  

1.5n.N.H4Cl  

18.5 
20.6 
19.2 
17.6 
18.2 
20.4 
18.5 

18  2 
20.2 

19  0 
17.6 
17.8 
20.2 
18.4 

17.7 
19.9 
18.9 
17.5 
17.6 
20.0 
18.3 

17.3 
19  6 
18.8 
17.4 
17.3 
19.8 
18.2 

16.8 
19  2 
18.5 
17  3 
17.0 
19  6 
18.0 

16  4 

18.9 
18.3 
17.2 
16.8 
19.4 
17.9 

16.2 
18.4 
18.0 
17.0 
16.4 
19.2 
17.8 

15.9 
18.2 
17.8 
16.9 
16.2 
19.0 
17.6 

15.8 
18.0 
17.6 
16.8 
16.2 
18.8 
17.6 

15.6 
17.8 
17.5 
16.8 
16.0 
18.6 
17.4 

15.6 
17.6 
17.4 
16.7 
15.9 
18.5 
17.4 

15.6 
17.4 
17.3 
16.6 
15  8 
18.4 
17.2 

Air  

14  3 

13.5 

14  2 

13.0 

13  0 

13  0 

13  8 

14.0 

13  8 

14.0 

14  2 

14.0 

Digitized  by 


SOIL  TEMPERATURE. 


175 


TABLE  88.— EFFECT  OF  SALT  SOLUTIONS  ON  THE  RATE  OF  THAWING  AND  THE  DEGREE  OF  THE  RISING 

OF  TEMPERATURE. 


Time. 


H2O  

OA1.KCI... 
lAi-KO... 
lAi-KCI... 
OAi.NH^ 
1.0n.NH4Cl 
I.&1.NH4CI 

Air  


A.M. 
8:00 


1.2 
2.9 
3.4 
3  4 
2.8 
3.3 
3.2 


8:10 


10.0 
9.6 

10  0 
5.6 
8.6 
fi.6 
4  2 


63  .  63.0 


8:20 


15.0 
11.2 
11.2 
11.2 
12.1 
8.9 
6.1 


20.3 
11.8 
11.8 
11  6 
15.8 
12.1 
9  5 


8:40 


24.4 

13.8 
12.0 
11.8 
18  6 
14.6 
11.2 


8:50 


27.0 
17.0 
12.1 
11.9 
20.4 
16.3 
14.0 


63.5    63.5    64.0    64.0    64.5  64.5 


9:00 


29.8 
19.6 
12.6 
12.0 
22.0 
18  0 
15.8 


9:10 


30.6 
21  2 
15.0 
12.1 
23  2 
10  2 
17.0 


9:20 


31.2 
22.7 
17.8 
12.4 
24.3 
20.4 
17.4 


65.0    65.0  65.3 


Time. 


0.5II.KC1  . 
1.0n.Ka  . . 
1.511.  KCl  . 
0^.NH4C1 
I.O11.NH4C1 
1.5n.NH«a 

Air  


A.M. 
9:50 


31  5 
25.2 
21.3 
17.0 
26.2 
22.6 
21.0 


10:00 


10:10   10:20   10:30   10:40   10:50  11:00 


31  6 

25  7 

22  0 
18.2 

26  6 

23  2 
21.8 


31  6 
26.3 
22.6 
19.3 
26.9 
23.7 
23  0 


66.5  66.6 


31.7 
26.6 
23.0 
21.1 
27.2 
24.0 
25.2 


8    67.0  67.5 


31.7 
26.9 
23.8 
23.4 
27.5 
24.6 
28.5 


Time. 


A.M. 
,  11:40 


11:50 


M. 

12:00 


P.M. 
12  :I0 


12:20 


31.8 
27.2 
24  3 
25.2 
27.8 
25.0 
31.4 


68.5 


12:30 


31.8 
27.5 
25.0 
28.9 
28  1 
25  7 
34.8 


68.5 


12:40 


11:10   11:20  11:30 


31.8 
27.8 
26.0 
32.2 
28.5 
27.2 
36.3 


31.8 
28.1 
27.2 
34.8 
29.5 
29.2 
38.3 


6  68.5 


12:50 


1:00 


lJii.E(a.... 
0JSa.NH4Cl . 
lJ)ii.NH4a . 
I.5A.NB4CI . 


.  31.8 
I  30.0 
35.8 
40.8 
33.8 
36.4 
43.4 


Air.. 


32.0 
33.4 
38.7 
43.2 
40.9 
39.1 
45.4 


32.1 
36.1 
40.5 
44.7 
43.0 
41.0 
46.6 


32.1 
38.5 
42.7 
46.1 
44.2 
42.8 
47.9 


69.0 


67.8  67.0 


32.2 
40.5 
44.1 
47.4 
46.4 
44.4 
49.0 


33.0 
42.2 
45.5 
48.5 
47.8 
45.7 
49.8 


34.6 
44.0 
47.0 
49.6 
49.2 
47.1 
50.8 


37.2 
45.6 
48.2 
60.6 
50.4 
48.4 
51.6 


40.5 
47.2 
49.6 
61.7 
51.6 
50.6 
52.6 


0    68.5    67.5    09.5    60.5  70.0 


Time. 


P.M. 
1:30 


HiO  

O.60.KCI... 
1.0n.KCl... 
1.5n.Ka... 
O.511.NH4CI 
I.O11.NH4CI 
1.5n.NH4Ci 

Air  


47.4 
51.1 
53.0 
54.4 
54.7 
52.9 
55.0 


69.0 


1:40     1:50     2K)0    2:10    2:20     2:30  2:40 


49.2 
52.3 
54.0 
55.2 
55.7 
54.0 
55.6 


68.5 


50.8 
53.5 
55.0 
56  0 
56.6 
55.0 
56.6 


70.0 


52.2 
54.4 
55.8 
56.6 
67.3 
55.6 
67.2 


70.0 


53.8 
^.2 
56.6 
57.5 
58.0 
56.2 
57.8 


70.0 


54.6 
55.9 
57.0 
67.8 
58.5 
57.0 
58.2 


70.0 


66.4 

56.6 
67.8 
58.4 
59.1 
57.6 
58.8 


70.0 


56.3 
67.3 
58.3 
68.8 
50.6 
58.2 
69.2 


70.0 
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The  foregoing  tables  and  charts  show  many  extremely  interesting 
facts.  Considering  first  the  rate  of  freezing  it  will  be  seen  that  the  sand 
treated  with  the  different  solutions  and  with  pure  water  cooled  at  about 
the  same  rate  until  the  temperature  of  about  34°  F.  was  reached  when 
the  rate  of  falling  of  temperature  of  the  sand  treated  witli  the  water 
slowed  up  while  the  temperature  of  the  sand  treated  with  the  solutions 
continued  to  fall  until  the  respective  freezing  points  were  reached.  The 
sand,  therefore,  treated  with  the  solutions  came  to  the  temperature  of 
32°  F.  about  15  minutes  before  did  the  sand  treated  with  water.  The 
freezing  point  of  the  sand  with  the  different  treatments  is  markedly  dif- 
ferent; that  with  water  is  31.8°.,  that  with  0.5,  1.0  and  1.5  normal  solu- 
tions of  KCl  is  28.8°,  25.6°  and  20.8°  respectively,  while  that  with  0.5 
1.0  and  1.5  normal  solutions  of  NH4CI  is  28.4,  25,  and  22°  respectively. 
From  these  figures  it  is  evident  that  the  salts  have  lowered  the  freezing 
point  and  the  degree  of  this  lowering  is  greater  with  the  higher  salt  con- 
tent present.  After  the  temperature  of  all  the  different  treatments 
reached  the  freezing  it  remained  there  for  some  length  of  time,  which 
amount  of  time  varied  with  the  concentration :  it  was  greatest  for  the 
pure  water  and  decreased  with  the  increase  in  concentration  of  the 
solution.  This  is  an  interesting  fact  and  it  is  explained  by  the  difference 
in  the  further  lowering  of  the  freezing  point  due  to  the  further  increase 
in  concentration  of  the  solution  brought  about  by  the  separation  of  the 
solidified  solvent  or  ice  under  the  subjection  of  the  low  temperature. 
Finally,  however,  the  temperature  of  the  sand  which  received  the  differ- 
ent densities  of  solution  as  well  as  the  water,  came  to  about  the  same 
point,  with  a  slight  difference  in  favor  of  the  solution  treated  with 
sand.  It  is  to  be  noted  that  the  phenomenon  of  supercooling,  such  aa 
observed  in  the  freezing  of  water  in  the  form  of  drops  or  in  capillary 
tubes,  also  occurred  in  the  freezing  of  soil  water.  It  will  be  seen  that 
in  almost  every  case  some  supercooling  did  take  place. 

It  will  be  interesting  now  to  study  the  rate  of  thawing  and  rising  of 
temperature  of  the  same  lot  of  sands  and  see  what  relationship  it  has 
to  the  rate  of  freezing.  As  already  stated,  this  rate  of  thawing  and 
rising  of  temperature  was  measured  by  bringing  the  sands  into  the  labor- 
atory after  their  temperature  was  lowered  to  about  the  same  point,  and 
records  were  taken  every  10  minutes  until  their  temperature  was  about 
the  same  and  close  to  the  room  temperature.  The  data  thus  obtained 
are  shown  in  table  88,  and  on  the  lower  part  of  each  chart.  A  glance 
at  these  results  reveals  at  once  the  significant  fact  that  the  rate  of  thaw- 
ing was  in  every  case,  exactly  the  reverse  of  the  rate  of  freezing.  It 
•will  be  seen  that  the  temperature  of  the  sand  treated  with  the  water 
rose  at  once  to  31.8°  F.  or  at  the  point  in  which  solidification  took  place 
and  remained  there  for  a  long  time  until  all  the  solid  phase  had  been 
converted  over  into  the  liquid  phase  and  then  it  ros«5  very  rapidly. 
While  the  temperature  of  the  sand  treated  with  the  solutions  rose  at 
the  beginning  slowly  and  gradually  without  remaining  at  any  one  point 
for  any  length  of  time — which  is  just  what  should  be  expected  since 
fusion  and  solidification  take  place  at  the  same  point  and  sinee  there 
were  more  than  one  freezing  point  in  the  case  of  these  solutions  on 
account  of  their  further  concentration  due  to  the  separation  of  ice — 
until  complete  fusion  had  taken  place  and  then  it  rose  very  rapidly 
and  far  above  that  of  the  sand  treated  with  water.    The  rapidity  with 
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which  complete  fusion  took  place  and  the  temperature  passed  the  32°  P. 
point  was  proportional  to  the  concentration  of  the  treatment.  It  will 
be  noticed  that  by  the  time  the  temperature  of  the  sand  treated  with 
water  began  to  rise  above  32°  F.,  the  degree  of  magnitude  of  the  tem- 
perature of  the  other  lots  of  sand  varied  directly  with  the  density  of  tlie 
solution.  In  the  case  of  the  KCl  experiment  for  instance,  the  differ- 
ence in  temperature  between  the  sand  treated  with  water  and  that 
treated  with  1.5  normal  solution  was  as  great  as  17°  F.  Finally,  how- 
ever, all  the  differently  treated  sands  attained  about  the  same  tempera- 
ture. The  differences  noted  increase  with  the  decrease  in  concentration 
of  the  solution  and  would  necessarily  exist  on  account  of  the  difference 
in  evaporation. 

Experiment  2.  This  experiment  was  an  extension  and  check  to  the 
foregoing  experiment.  It  consisted  in  studying  the  effect  of  0.0,  0.5,  1.0 
and  1.5  normal  solutions  of  NaCl  and  KGl  and  1.0  normal  solutions  of 
K2CO3,  NaNOa,  OaCls  KNO„  and  (NHJ2CO3  upon  the  rate  of  freezing, 
the  degree  of  the  lowering  of  the  freezing  point,  and  the  rate  of  the 
rising  of  temperature.  It  was  prepared  by  placing  6855  grams  of  quartz 
sand  in  the  regular  wooden  boxes,  added  750  cc  of  the  respective  solu- 
tions, and  the  temperature  records  were  taken  in  the  usual  manner.  In 
the  table  below  is  given  only  the  lowering  of  the  freezing  point,  the 
rate  of  freezing  and  of  thawing  are  left  out  on  account  of  lack  of  space ; 
the  general  trend  of  these,  however,  is  well  illustrated  in  the  foregoing 
experiment.  ' 

TABLE  89.-FREEZING  POINT  OF  SOLUTIONS  IN  SAND. 


Name  of  solution. 


point. 


Water  

0.5  N.  NaCl  

1.0  N.  NaCl  

l.SN.Naa  

0  5  N.  KCl  

1-ON.Ka  

1.5  N.  KCl  

1.0N.KiCX)3  

1  ON.KNO3  

10  N.CaClz  

1.0N.(NH4)  aCOs. 


31.8 

28.8 

25.4 

22.2 

29.0 

25.6 

23  0 

28. 

26. 

27. 

28.2 


It  will  be  seen  that  the  lowering  of  the  freezing  increased  with  the 
concentration  and  that  it  varied  but  slightly  among  the  different  salt 
solutions  of  the  same  strength. 
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EFFECT  OF  THE  DECOMPOSITION  OF  MANURE  ON  SOIL  TEM- 
PERATURE. 

OBJECT  AND  METHOD  OP  EXPERIMENTATION. 

It  might  be  said  that  the  farm  soil  receives  its  heat  from  four  diflfer- 
ent  sources:  (1)  from  the  direct  radiation  of  the  sun;  (2)  from  the 
precipitation  or  condensation  of  aqueous  vapor,  (3)  from  the  heated 
interior  of  the  earth  by  conduction,  and  (4)  from  the  decomposition  of 
organic  matter.  The  amount  received  from  the  last  three  sources  is 
very  small;  it  is  the  first  source  that  contributes  the  greatest,  if  not  the 
whole,  of  the  warmth  of  the  soil.  The  second  and  third  sources  are 
entirely  beyond  the  control  of  man;  the  first  can  be  controlled  in  an 
indirect  way  by  modifying  the  color  and  water  content  of  the  surface 
soil ;  the  fourth  is  the  only  one  of  the  four  sources  which  is  practically 
entirely  under  the  control  of  man,  because  he  can  add  the  organic  matter 
to  tlie  soil. 

The  amount  of  heat  liberated  by  the  decomposition  of  organic  matter 
is  considerable  if  the  action  is  complete  and  rapid — ^it  is  equal  to  the 
amount  of  heat  of  combustion.  The  decomposition  process,  however,  as 
carried  on  under  field  conditions  is  very  slow  and  hence  the  amount 
of  heat  given  off  is  practically  imperceptible. 

The  principal  sources  of  organic  matter  in  the  soil  are  (1)  vegetable 
matter  and  (2)  animal  manure.  The  first  is  practically  unimportant 
so  far  as  heat  is  concerned  because  in  the  spring  the  temperature  of  the 
soil  is  already  sufiiciently  high  enough  for  the  germination  of  seed  and 
growth  of  plants  by  the  time  the  vegetation  has  growTX  large  enough  to 
be  turned  under.  In  the  fall  the  soil  temperature  is  also  suffi<^iently 
high  for  the  germination  of  seeds  and  growth  of  seedlings  without  the 
necessity  of  increasing  it.  Furthermore,  at  either  season  the  amount  of 
vegetation  that  can  be  turned  under  is  so  small  in  comparison  with  the 
great  bulk  of  the  soil  that  the  warming  effect  resulting  from  the  decom- 
position is  practically  nil. 

The  extent  to  which  the  second  source  of  organic  matter  may  in- 
crease the  temperature  of  the  soil  will  depend  upon  the  freshness  and 
quantity  of  the  material.  The  statements  in  different  textbooks  vary 
upon  this  point.  Some  are  to  the  effect  that  the  decomposition  of 
manure  of  any  kind  has  practically  no  importance  on  the  thermal  rela- 
tions of  soils;  others,  that  the  influence  is  quite  appreciable. 

These  statements  or  conclusions  have  been  drawn  from  insufficient 
data.  The  amount  of  experimentation  that  has  already  been  done  on 
the  subject  is  very  meager.  The  most  widely  quoted  work  is  that  of 
Georgeson^®  who  added  0.0,  10,  20,  40  and  80  tons  of  farm  yard  manure 
to  a  soil  and  studied  its  temperature.  The  experiment  was  performed 
by  mixing  thoroughly  the  soil  and  the  manure,  placing  the  mixture  in 
wooden  boxes  witiiout  bottom  and  top  and  burying  the  latter  in  the 
ground  up  to  the  surface  edge.  He  found  that  tiie  temperature  of  the 
soil  was  increased  with  the  increase  of  the  application  of  manure.  The 
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increase  was  greatest  during  the  first  five  days  and  then  rapidly  dimin- 
ished. At  the  end  of  20  days  the  increase  became  almost  imperceptible 
where  only  10  tons  of  manure  per  acre  had  been  applied  but  continued 
to  be  distinct  where  40  and  80  tons  were  employed. 

Wagner*^  conducted  a  somewhat  similar  field  experiment  with  differ- 
ent kinds  of  manure  and  also  some  laboratory  experiments.  The  field 
tests  showed  that  the  application  of  heavy  dressings  of  fresh  manure  of 
horse,  cow,  sheep  and  hog,  raised  the  temperature  of  the  soil;  the  horse 
manure  increased  it  the  most,  the  cow  the  least,  and  the  sheep  and  hog 
intermediately. 

Spragg^^  attempted  to  study  the  effect  of  farm  yard  manure  of  horse, 
sheep,  and  cow  under  labocatory  and  field  conditions.  The  data  he 
obtained  show  that  the  rise  of  temperature  as  a  result  of  these  applica- 
tions is  practically  nil. 

Since  our  knowledge  of  this  subject  was  very  meager  and  since  the 
foregoing  works  as  well  as  the  statements  found  in  various  textbooks 
are  not  concordant,  it  was  deemed  advisable  to  investigate  the  subject. 

The  research  consisted  in  studying  the  effect  of  the  decomposition  of 
different  kinds  of  fresh  manure  upon  the  temperature  of  soils,  under 
laboratory  or  controlled  conditions.  The  investigation  was  conducted  in 
the  following  manner:  Four-gallon  earthenware  jars  were  insulated 
on  the  inside  with  thick  asbestos  paper  and  on  the  outside  with  thick 
hair  felt.  The  asbestos  on  the  inside  of  the  jars  was  paraffined  in  order 
to  make  it  water  proof.  The  reason  for  so  insulating  the  jars  was  to 
prevent  the  loss  of  heat  by  conduction  from  the  sides  and  bottom  and 
thus  imitate  in  a  way  natural  conditions.  In  actual  field  conditions, 
the  loss  of  heat  takes  place  from  the  surface  soil.  To  each  pot  was  then 
added  the  same  amount  of  a  fine  sandy  soil,  known  as  Jack  pine  sand. 
From  each  jar  was  then  taken  equal  weights  of  soil  to  correspond  to  a 
depth  of  6  inches.  This  soil  was  thoroughly  mixed  with  the  proper 
amount  and  kind  of  manure  and  put  back  into  the  pot,  and  water  added 
to  it  to  bring  it  to  the  required  moisture  content.  Care  wa^  taken 
to  have  the  same  percentage  of  moisture  in  the  soils  containing  differ- 
ent amounts  of  the  same  kind  of  manure.  This,  of  course,  necessitated 
the  making  of  corrections  for  the  different  amounts  of  water  contained 
in  the  various  proportions  of  manure.  The  correction  was  made  only 
within  the  various  amounts  of  the  same  kind  of  manure  and  not  among 
the  different  kinds.  The  soils,  therefore,  containing  the  different  kinds 
of  manure  in  the  various  proportions  did  not  possess  exactly  the  same 
moisture  content.  In  order  to  prevent  evaporation  as  much  as  possible 
the  surface  soil  of  each  pot  was  also  covered  by  a  thick  layer  of  quartz 
sand. 

There  were  four  experiments  conducted.  The  first  three  dealt  only 
with  horse  manuce  and  the  fourih  with  horse,  sheep,  and  cow  manure. 
Since  the  first  three  experiments  were  preliminary  and  the  results  ob- 
tained are  in  the  same  order  as  the  corresponding  series  in  the  fourth 
experiment;  also,  for  the  sake  of  brevity,  only  the  results  of  the  latter 
will  be  presented  here. 

The  three  different  kinds  of  manure,  horse,  sheep,  and  cow,  were  only 
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about  one  day  old  when  they  were  added  to  the  soil.  For  convenience 
and  comparison  only  the  pure  solid  was  used.  They  were  employed  in 
the  proportion  of  0.0,  5,  10,  20,  and  40  tons  per  acre,  and  100%  of  cow 
and  horsa  Their  moisture  content  was  determined  and  shown  in  the 
table  below.  It  will  be  seen  that  their  water  content  is  different.  No 
correction  was  made  for  these  differences  in  the  weight  of  the  manure 
added  to  the  soil,  consequently  the  actual  amount  of  dry  matter  was 
not  the  same.  Since  the  moisture  consists  of  urine  and  this  undergoes 
fermentation,  it  also  adds  heat  to  the  soil. 

The  preparation  of  the  experiment  including,  the  weight  of  the  soil, 
name  and  amount  of  manure  added,  the  moisture  content,  etc.,  are  all 
shown  together  in  the  following  table; 

TABLE  90.-jhlOWING  PLAN  OF  EXPERIMENT. 


Weight  of  soil. 

Tons 
manure 
per  acre. 

Moisture 
of 

manure. 

Percent 
moisture 
H.  M.  Expt. 

Per  cent 
moisture 
C.  M.  Expt. 

Per  cent 
moisture 
S.  M.  Expt. 

3961bfi 

0.0 

Hone 

17.39 

17.52 

17.42 

3961bfi 

5  0 

84.05 

17.39 

17.62 

17.42 

3961bii 

10.0 

Cow 

17.39 

17.62 

17.42 

396ibB  ..  ,. 

20.0 

84.00 

17.39 

17.52 

17.42 

396  IbB  . 

30.0 

Sheep 

17.39 

17.52 

17.42 

396  IbB 

40.0 

75.56 

17.39 

17.52 

17.42 

6  Kiio0  horse  manure. 

6  Kiioe  cow  manure.  . 

When  the  preparation  of  the  experiment  was  complete  the  pots  were 
placed  in  rows  on  a  stand  one  foot  from  the  ground  and  kept  in  a  room 
whose  temperature  varied  very  little  from  day  to  day.  The  room  was 
intended  for  refrigerating  purposes  and  was  ideal  for  keeping  the  tem- 
perature constant. 

In  the  first  three  experiments  the  temperature  readings  were  taken 
by  means  of  mercury  thermometers  gi*aduated  to  1°  Centigrade.  The 
results  obtained  by  them  were  not  altogether  satisfactory  because  they 
did  not  read  closely  enough.  To  obtain  mercury  thermometers  of  high 
precision  and  the  large  number  required  in  the  present  extensive  work, 
it  would  have  entailed  considerable  expense.  To  overcome  this  diffi- 
culty, it  was  decided  to  use  thermocouples  in  the  present  or  fourth  ex- 
periment. The  principle  of  such  instruments  is  based  upon  the  fact 
that  when  two  wires  of  dissimilar  metals  are  connected  end  to  end  and 
one  junction  is  kept  at  a  constant  and  the  other  at  a  variable  tempera- 
ture, an  electrical  current  is  produced  the  amount  of  which  is  propor- 
tional to  the  difference  in  temperature  between  the  two  junctions.  This 
electrical  current  is  measured  by  the  deflection  produced  on  the  galvano- 
meter. The  amount  of  electrical  current  is  also  influenced  by  the  compo- 
sition of  the  wires.  The  combination  of  certain  kinds  of  elements  pro- 
duces a  greater  current  than  others. 

The  thermocouples  used  in  the  present  work  were  made  in  this  labora- 
tory especially  for  the  purpose.  Their  material  consisted  of  No.  18 
"advance'*  wire  and  No.  18  copper  wire.    They  were  constructed  by 
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taking  25"  pieces  of  the  respective  wires  and  joining  them  in  series  of 
three.  That  is,  three  couples  were  joined  together  in  series.  The  joints 
were  fii-st  dipped  in  ZnCL,  then  soldered  and  finally  coated  with  shel- 
lac. Above  the  joints,  which  were  to  be  buried  in  the  soil,  were  placed 
glass  tubes  6  inches  long  and  %  inch  in  diameter.  The  opposite  ends 
of  these  glass  tubes  were  made  waterproof  with  shellac.  These  glass 
tubes  were  employed  in  order  to  facilitate  the  placing  of  the  ends  of  the 
couples  into  the  soil  and  also  to  keep  the  wires  of  t£e  latter  well  insu- 
lated. To  each  series  of  couples  were  joined  copper  wires  12  feet  long. 
All  the  couples  were  then  standardized.  This  was  accomplished  by 
dipping  one  end  of  the  series  of  couples  in  ice  and  the  other  in  a  con- 
stant temperature  bath.  It  was  found  that  they  were  all  sensitive  to 
about  0.2°  C. 

Those  ends  of  the  couples  having  the  glass  tubes  were  placed  into  the 
soil  five  inches  deep  from  the  lowest  end  of  the  point  or  four  inches 
from  the  upper  part  of  the  joint.  The  three  couples  were  placed  at 
different  places  in  the  soil  in  order  to  obtain  a  more  nearly  average 
record.  The  temperature  readings  were  made  by  dipping  the  long  bended 
end — as  shown  in  the  diagram — into  an  ice  bath,  connecting  the  two 
12  foot  wires  to  the  galvanometer,  and  reading  the  deflection  on  the 
latter.  The  galvanometer  employed  was  of  D'Arsonval  type  and  was 
of  \ery  high  grade.  Its  needle  carae  to  rest  in  a  few  seconds.  It 
took  only  about  40  minutes  to  complete  the  reading  of  the  40  thermo- 
couples. At  the  beginning  of  the  experiment  there  were  two  readings 
made,  one  in  the  morning  at  8:00  and  one  in  the  afternoon  at  3:30. 
Ijater,  ha\s'ever,  the  readings  were  made  only  in  the  afternoon.  At  the 
beginning  also,  the  readings  were  taken  every  day  but  after  the  max- 
imum temperature  was  attained  they  were  taken  every  other  day  for 
some  time  and  occasionally  afterwards.  The  experiment  lasted  alto- 
gether from  December  28th  to  April  10th,  or  103  days.  The  data  ob- 
tained are  given  herewith: 
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RBSUI/rS  OF  EXPERIMENTS. 
TABLE  91.-EFFECrr  OF  DECOMPOSITION  OF  MANURE  ON  TEMPERATURE  OF  SOILS, 


i9ii: 

December  28. 

December  29. 

December  30. 

December  31. 

Antiount 
In  tOM. 

HOTM. 

Cow. 

ShMp. 

Hors*. 

Cow. 

HorM. 

Cow. 

ShMp. 

Hont. 

Cow. 

ShMp. 

(?» 

C 

15^63 

15^3863 

15^3863 

0  

15.4408 

15.4406 

15.4406 

14.8854 

14.8954 

14.8854 

15.0227 

15.0227 

15.0227 

Diff... 

9  

15.4045 

15.3378 

14.9965 

15.1015 

15.5014 

15.2712 

15.2742 

15.7075 

15.4227 

15.6529 

16.0387 

15.8105 

Diff... 

-4.1029 

-0.4423 

0.2001 

0.000 

0.3760 

0.2616 

0.0040 

0.4000 

0.2000 

0.M23 

0.4241 

10   

lO.OUlu 

10.UoV% 

IK  ojno 
10.  ^wy 

lO.OWV 

IK  oniK 
10.OU40 

IK  KAIR 
lO.OUvO 

IK  7KAA 
10. f OOU 

tK  Afon 

10. fOOU 

IK  Q317 
10. Vol f 

10.UOU« 

15.8500 

Dm .. 

Hi.ooe 

0.3456 

0.0406 

A  JAAI 

0.4018 

0.7333 

0.4303 

0.6464 

0.0030 

0.4720 

10.  IQIM 

11  A770 
10. Of IZ 

IK  Anil 

lO.OUlT 

15.4227 

lo.voc* 

15.6045 

16.3014 

16.2377 

15.9602 

A  7AIA 

A  7AA 

0.5273 

n  MAS 

0.0000 

0.6010 

0.016 

0.0614 

0.5030 

15.7257 

15.5742 

15.5742 

16.065 

15.7923 

15.6802 

16.468 

16.0438 

15.8772 

16.7406 

16.4377 

16.3256 

O.lMt 

0.ISS4 

0. ISS4 

I.IOOO 

0.0000 

0.70M 

1.4463 

I.02II 

0.0646 

1.3036 

1.0614 

0.0302 

16.9681 

15.7105 

15.8166 

16.7559 

15.9529 

15.9196 

17.2104 

16.2529 

16.2044 

17.4770 

16.6589 

16.6650 

om  

0.5Z7S 

0.2097 

0.3768 

1.0006 

1.0676 

1.0242 

2. 1877 

1.2302 

I.I0I7 

2.0017 

1.2720 

1.2707 

37.5 

37.2000 

19.33 

38.3 

18.683 

37.500 

18.720 

Diff  . 

22.Kt2 

22.3040 

4.4340 

23.2773 

3.0703 

22.1130 

3.3330 

Air 

16.665 
2.7000 

16.8771 
1.0564 

17.2710 
1.0047 

DM  .  . 

i 

TABLE  91,— Continued, 


Janaary  1. 


January  2. 


January  3. 


January  4. 


Cow. 


Cow. 


Cow. 


ShMp.  Hon*. 

 I  


Cow. 


15.3015 

15.3015 

15.3015 

0.0 

0.0 

0.0 

15.5863 

16.0074 

15.6651 

0.2840 

0.7060 

O.SOSO 

15.869 

15.962 

15.7681 

0.6676 

0.0006 

0.4000 

16.2105 

16.1650 

15.9014 

0.0000 

0.0036 

0.6000 

16.6165 

16.3347 

16.1680 

I.SI80 

I.0SS2 

0.0006 

17.3073 

16.5225 

10.4468 

2.0060 

1.221 

1.1463 

37.1 

18.666 

15.2106 
0.0 
15.5499 

0.3303 
15.7620 

0.6614 
16.0105 

0.7000 
16.4226 

1.212 
17.1982 

1.0270 
34.5 
22.3040 


15.2106 
0.0 

15.8409 

0.0303 
15.9075 

0.0000 
16.0406 

0.0302 
16.2074 

0.01 
1&.4074 

1.1008 
18.666 

4.4340 


17.8467 
2.6462 


15.2106 

0.0 
15.453 

0.2424 
15.5267 

0.3161 
15.6651 

0.4646 
16.1317 

0.0211 
16.3741 

1.1036 


14.8054 
0.0 

15.1621 

0.2000 
15.3621 

0.4007 
15.7135 

O.OIOI 
16.1014 

1.2060 
16.7437 

1.04 
31.5 
23.2773 


14.8954 
0.0 

15.5106 

0.0161 
15.5136 

O.OIOI 
15.6651 

0.7000 
15.862 

0.0006 
16.0408 

1.1463 
18.61 

3.0703 


I 

14.8954 
0.0 

15.0227 
0.1272 

15.2106 
O.SI61' 

15.3621 
0.4000 

15.5863' 

I 

0.0000' 

15.9964| 
1.1030 

I 


14.6288 
0.0 

14.8470 

0.2182 
15.0833 

0.4646 
15.3924 

0.7030 
15.8408 

1.2120 
16.4529 

1.0241 
30.2 
22.1130 


14. 

0. 
15. 

0. 
315. 

0. 
15. 

0. 
15. 

0. 
15. 

I. 
18 

3. 


0 

2106 
6017 

2772 


7676 

6135 

0047 

765 

1302 

166 


0 

7621 
1332 


0651 
4302 
3863 
7674 
6651 
0332 


17.0589 
1. 0403 


16.5438  . 
1.0404  . 


7332 
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1912. 


Amount 
In  tons. 


January  5. 


Cow.  Shoep. 


January  6. 


Hono.  Cow. 


January  7. 


Hofto.  Cow. 


January  8. 


Hono.  Cow. 


0  

DIff... 

6  

Diff. . . 

Diff... 
20... 
Diff... 
30.... 
Diff... 
40.... 
Diff... 
100%. 
Diff... 
Air... 
Diff... 


14.0834 


14.0834 


14.0834 


13.332 


13.332 


13.332 


12.6048 


\2.9m 


12.0048 


11.8904 


11.8594 


11.8S94 


14.3925 

O.SOOl 
14.5985 

0.6151 
14.8954 

0.812 
15.2863 

1.2020 
15.8014 

1.718 
26.75 
I2.066( 


14.7258 

0.0424 
14.7561 

0.9727 
14.9318 

0.8404 
15.0742 

0.0008 
15.1803 

1.0060 
17.638 

1.6640 


14.2046 

0.1212 
14.3500 

0.2000 
14.5561 

0.4727 
14.8773 

0.7830 
15.3000 

1.2106 


13.744 

0.412 
13.9016 

0.5006 
14.3117 

0.0797 
14.5682 

1.2362 
15.0166 

l.084( 
23.65 
10.316 


14.0743 

0.7423 
14.1167 

0.7047 
14.2228 

0.0008 
14.3319 

0.0009 
14.5106 

1.1700 
18.083 

4.761 


13.4226 

0.« 
13.7632 

0.4312 
13.938 

0.000 
14.1925 

0.« 
14.4228 

1.01 


12.8169 

0.2121 
12.9926 

0.S878 
13.2714 

0.0000 
13.6471 

1.0423 
14.0289 

1.4241 
21.00 

8.3962 


13.0744 

0.4000 
13.2138 

0.01 
13.34 

0.7676 
13.5077 

0.0020 
13.6047 

0.0900 
16.22 

1.0162 


12.7381 

O.ISSS 
12.8714 

0.2000 
13.0714 

0.4000 
13.3441 

0.7383 
13.5441 

0.0303 


12.0n5 

0.2181 
12.2109 

0.3514 
12.5139 

0.0644 
12.829 

0.0000 
13.1077 

1.2483 
19.50 

7.041 


12.4351 

0.6767 
12.4684 

0.000 
12.529 

0.0000 
12.7411 

0.0817 
12.8775 

1.018 
15.38 

3.6206 


11.926 
8.0806 

12.0351 

8. 1788 
12.223 

8.8888 
12.5442 

8.8847 
12.7684 

8.808 


15.6045 
1. 6211 


15.0591 
1.7271 


13.8471 
1.2423 


13.2841 
1.8818 


TABLE  91.— Continued. 


1912. 


Amount 
in  tons. 


0  

Diff... 

6  

Diff.... 

10  

Diff... 

20  

Diff. . . . 

30  

Diff... 

40  

Diff.... 
100%.. 
Diff.... 
Alf.... 
Diff.... 


January  9. 


HOTM. 


11.3010 


11.5564 

0.2645 
11.7806 

0.4787 
12.0472 

0.7453 
12.3563 

I.OI 
12.6108 

1.81 
17.8 

0.4081 


Cow. 


11.3019 


11.9321 

0.0302 
11.9836 

0.0817 
12.1351 

0.0332 
12.2805 

0.0708 
12.3624 

1.0006 
15.0 

3.0081 


11.3019 


11.4231 

0.1812 
11.5261 

0.2242 
11.7079 

0.406 
12.023 

0.7211 
12.223 

0.0211 


12.8472 
1.6453 


January  10. 


Horse. 


11.2716 


11.4473 

0.1767 
11.6533 

0.3817 
11.8776 

0.000 
12.1806 

0.000 
12.4503 

i.isn 

17.5 
0.2284 


Cow. 


11.2716 


11.8018 

0.6302 
11.7776 

0.5000 
11.9836 

0.712 
12.1654 

0.8888 
12.2533 

0.0017 
14.83 
•3.6684 


I 


11.2716 


11.314 

0.0424 
11.4352 

0.1038 
11.6473 

0.3767 
11.920 

0.0484 
12.1442 

0.0726 


12.9987 
1.7271 


January  11. 


11.5624 


11. 6i 

0. 1212 
11.8412 

0.2787 
12.1200 

0.6676 
12.3502 

0.  7078 
12.5684 

1.  M 
17.5 

6.0375 


Cow. 


11.5624 


11.923 

0.3006 
11.9533 

0.3008 
12.0897 

0.6272 
12.2351 

0.0720 
12.3624 

0.7000 
14.83 

3.2876 


11.5624 


11.4231 
-0.1803 
11.514 
-0.0484 
11.7261 

0. 1038 
11.9503 

0.3878 
12.1684 

0.01 


13.3623 
1.71 


January  12. 


11.5867 


12.0472 

0.4006 
11.926 

0.8881 
12.1200 

0.6882 
12.4169 

0.0802 
12.6714 

1.0847 
17.0 

6.4182 


Cow. 


11.5867 


12.0897 

0.8029 
12.1803 

0.61 
12.2442 

0.0676 
12.4078 

0.8211 
12.5229 

0.8802 
14.444 

2.8672 


11.5867 


11.0473 

0.0006 
11.7382 

8.1614 
11.0503 

8.8888 
12.1321 

8.6468 
12.3927 

0.888 


13.2411 
1.8644 
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1912. 

January  13, 

January  14, 

January  15, 

January  16, 

Amount 
Intani. 

HOTM. 

C«w. 

Sheep. 

HQrte. 

C«w. 

Sheep. 

Hone. 

C«w. 

Sheep. 

Hone. 

C«w. 

Sheep. 

0 

11.1010 

11.1019 

11.1019 

10.9383 

10.0383 

10.0383 

11.0352 

11.0352 

11.0352 

11.1504 

11.1504 

11.1504 

DMf.  ... 

5 

11.32 

11.6867 

11.7564 

11.1625 

11.3594 

10.908 

11.2655 

11.6442 

11.1504 

11.2655 

11.6130 

11.6352 

Diff.  , 

8.2181 

8.8847 

8.8644 

8.2242 

8.4211 

-8.8883 

8.2382 

8.888 

0.1151 

8.1151 

8.48S5 

8.5848 

» 

U.i837 

11.7412 

11.3291 

11.211 

11.4231 

11.014 

11.514 

11.7100 

11.6352 

11.4776 

11.6745 

11.2716 

DW 

1.3817 

8.8S8S 

8.2271 

8.2727 

8.4848 

8.8757 

8.4787 

8.8756 

8.5888 

8.3272 

8.5241 

8.1212 

20 

11.7664 

11.8473 

11.5382 

11,4231 

11.5291 

10.2413 

11.6655 

11.7867 

11.4685 

11.6836 

11.8130 

11.5201 

DIff ., 

8.8644 

8.7483 

8.4382 

8.4848 

8.6888 

-8.887 

8.8S82 

8.7514 

8.4332 

6.5SS2 

0.8835 

8.3787 

» 

12.0048 

12.0048 

11.7715 

11.6533 

11.6958 

11.417 

11.0321 

11.023 

11.6201 

11.020 

11.0088 

11.6807 

Diff 

8.8828 

8.9828 

8.8885 

8.715 

8.7575 

8.4787 

8.8888 

8.8877 

8.5838 

8.7888 

8.8484 

8.5383 

12.223 

12.120 

11.9533 

11.9079 

11.8018 

11.6503 

12.1503 

12.026 

11.7867 

12.1321 

12.1100 

ir.0351 

Olff  

1.1211 

1.818 

8.8614 

8.8888 

8.8835 

0.712 

1.115 

8.8888 

8.7515 

8.9817 

8.8886 

8.7847 

m%... 

17.0 

14.72 

16.8 

14.72 

17.00 

14.777 

17.00 

14.888 

m 

5.888 

3.818 

5.8817 

3.7817 

5.8847 

3.7417 

5.8488 

3.7876 

Air 

12.5745 
1.4728 

12.6957 
1.7574 

12.5130 
1.4787 

12.0967 
1.8483 

Diff 

TABLE  01.— Continued. 


1912. 

January  17. 

January  10. 

January  22. 

January  24. 

Amount 
in  tens. 

Hone. 

Cow. 

Sheep. 

Hone. 

Cow. 

Sheep. 

Hone. 

Cow. 

Sheep. 

Hone. 

Cow. 

Sheep. 

8 

11.6443 

11.5443 

11.5443 

13.5138 

13.5138 

13.5138 

13.8713 

13.8713 

13.8713 

14.544 

14.544 

14.544 

Diff  

5 

11.6058 

12.1806 

11.6442 

13.6471 

14.044 

13.6168 

14.041 

14.3076 

13.0258 

14.7076 

14.0227 

14.547 

Diff  

8.1516 

8.8S8S 

8.8888 

8.1SSS 

8.5382 

8.183 

8.1888 

8.4383 

8.0545 

8.1838 

8.3787 

8.803 

18  

11.0018 

12.2078 

11.7100 

13.8471 

14.044 

13.6653 

14.1622 

14.3016 

13.0804 

14.8691 

15.0288 

14.6167 

Diff  

8.3575 

8.8835 

8.1868 

8.3333 

8.5382 

8.1516 

8.2888 

8.4382 

0.108 

0.3151 

8.4648 

8.8727 

28 

12.0604 

12.2805 

11.8624 

14.047 

14.1349 

13.8117 

14.3622 

14.4015 

14.0502 

15.0804 

15.1107 

14.8864 

Diff  

8.6161 

8.7382 

8.3ISI 

8.5332 

8.8211 

8.2879 

8.4888 

8.5382 

8. 1878 

8.5454 

8.5757 

8.3424 

30 

12.3563 

12.4746 

12.1866 

14.2713 

14.2955 

14.0743 

14.5864 

14.5864 

14.3682 

15.3318 

15.250 

15.0288 

Diff 

8.812 

8.8382 

8.8423 

8.7575 

8.7817 

8.5885 

8.715 

8.715 

8.4888 

8.7878 

8.715 

0.4848 

48 

12.6048 

12.6138 

12.3027 

14.5561 

14.4803 

14.2713 

14.7682 

14.7561 

14.65 

15.6267 

15.4378 

15.3166 

Diff 

i.8885 

1.8885 

8.8484 

1.8423 

8.8885 

6.7575 

8.8888 

8.8847 

0.7787 

8.8817 

8.8838 

8.7728 

188%... 

17.00 

15.222 

18.00 

16.388 

10.00 

17.00 

10.60 

17.777 

Diff 

S.4567 

S.8777 

5.3882 

2.8742 

5.1288 

3. 1288 

4.858 

3.233 

Air 

13.0077 
2.8834 

15.8460 
2.3331 

15.7863 
1.8158 

16.1400 
1.8858 

Diff 
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1912. 


Amount 
in  tons. 


Janimry  30. 


Hon*. 


Cow. 


February  6. 


Cow. 


February  14. 


Cow. 


February  28. 


Cow. 


0... 
Diff.. 
6.... 
Diff.. 
10... 
Diff.. 
20... 
Diff.. 
80... 
Diff.. 


Diff... 
100%. 
Diff... 
Air... 
Diff... 


13.8 


13.8652 


J 

13.8652  13.3804 


13.968; 

O.IOI 
14.1076 

0.2424 
14.2773 

0.4  i2 
14.544 

0.0788 
14.7742 

0.000 
18.50 

4.0347 


14.3803 

0.516i 
14.4046 

0.U08 
14.3965 

0.5SS2 
14.6046 

0.7S03 
14.8167 

0.05  i4 
17.22 

8.S547 


14.0502 

0.i030 
15.8317 

1.0( 
14.1804 

O.SiOi 
14.3319 

0.4000 
14.6046 

0.7S04 


15.4833 
1.0181 


13.3804 


13.3804 


13.1966 


13.1966 


13.1986 


17.5012 


17.5012 


17.5012 


13.541 

0.1000 
13.7531 

0.S7Z7 
14.0289 

0.0406 
14.1501 

0.7007 
14.2561 

0.8767 
18.00 

4.0i00 


13.8349 

0.4546 
13.8986 

O.OiOi 
13.938 

0.5575 
14.1228 

0.7423 
14.3167 

0.0302 
17.22 

3.831 


13.3471 
^.0383 
13.3826 

0.0121 
13.5834 

0.203 
13.8107 

0.4302 
14.0634 

0.7020 


13.1966 

0.0 
13.4229 

0.2243 
13.6895 

0.4000 
13.7601 

0.5515 
13. » 

0.0036 
17.00 

3.0014 


13.1805 
-0.0181 
13.2259 

0.0272 
13.2411 

0.0424 
13.3623 

0.1030 
13.6895 

0.4000 
17.00 

3.0014 


12.5664 
-0.0332 
12.6199 
-0.5787 
12.7714 
-0.4272 
13.1956 
-0.003 
13.332 
0.1333 


17.6649 
0. 1037 

17.7861 
0.2840 

17.9679 

o.4ir 

18.180 
0.0788 

18.283 
0.782 

22.00 
4.4081 


17.6648 
0.1037 

17.6( 
0.1fS7 

17.6640 

0.  ion 

17.7558 
0.2540 

18.0103 
8.5001 

20.5555 
3.0543 


17.271 

-o.att 

17.271 

-o.att 

17.3017 
-0. 1005 
17.6043 

O.ltSI 
17.0073 

0.4MI 


15.3015 
I.02II 


17.8467 
4.8481 


TABLE  91.— Concluded. 


1912. 

March  15. 

March  27. 

April  10. 

Amount  in  tons. 

Horso 

Cow 

Shoep. 

Hone. 

Cow. 

Sheop. 

Horso. 

Cow. 

0  

Diff  

19.93 

19.93 

19.93 

18.19 

18.19 

18.19 

19.00 

19.00 

19.00 

5  

20.11 

20.00 

19.77 

18.222 

18.19 

17.915 

19.055 

18.885 

18.75 

Diff  

0.10 

0.07 

-O.iO 

0.032 

0.0 

-0.275 

0.055 

-0.115 

-0.25 

10  

20.22 

20.00 

19.77 

18.25 

18.205 

17.94 

19.055 

18.885 

18.75 

Diff  

0.20 

0.07 

-0.10 

0.00 

0.015 

-0.25 

0.055 

-0.115 

-0.25 

20  

20  25 

20.00 

19.77 

18.38 

18.205 

17.985 

19.056 

18.885 

18.75 

Diff  

0.32 

0.07 

-0.10 

0.10 

0.015 

-0.205 

0.055 

-0.115 

-0.25 

30  

20.27 

20.16 

20.05 

18.555 

18.320 

18.205 

19.333 

19.110 

19.00 

Diff  

0.34 

0.23 

0.12 

0.305 

0. 13 

0.015 

0.333 

0.1 10 

0.0 

40  

20.50 

20.27 

20.16 

18.665 

18.470 

18.320 

19.526 

19.250 

19.165 

Diff  

0.57 

0.34 

0.23 

0.475 

0.200 

0.130 

0.525 

0.250 

0.105 

100%  

21.50 

20.83 

19.333 

19.275 

20.111 

20.111 

Diff  

1.570 

0.000 

1.143 

1.085 

l.lll 

l.lll 

Air  

18.7567 
1.2545 
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TABLE  «2.--EPFECT  OP  DBOOMPOfllTION  OF  MANURE  ON  TEMPERATURE  OF  SOIL.  AVERAGES  FOR  THE 

WHOLE  PERIOD. 


Amount  of  minuro. 


Cow. 


Shoep. 


Item.. 

StOM.. 

Mtsnt.. 
2810111.. 
Mtofit.. 


Air... 


13.90 
14.10 
14.26 
14.50 
14.79 
15.13 
23.33 


13.90 
14.35 
14.39 
14.48 
14. 65 
14.81 
17.16 


13.90 
13.98 
14.10 
14.13 
14.45 
14.70 


15.13 


The  above  tables  contain  the  temperature  in  F.  degrees  for  the  days 
the  records  were  made,  the  difference  for  the  corresponding  days  be- 
iween  the  0.0  manure  with  any  of  the  other  amounts  of  manure,  and  the 
average  temperature  for  the  whole  period  or  at  the  expiration  of  the  ex- 
periment, for  all  the  various  amounts  and  different  kinds  of  manure. 
The  data  show  that  in  the  first  day  of  the  experiment  the  temperature 
of  the  soil  with  the  5,  10,  and  20  tons  of  manure  of  all  three  kinds,  was 
lower  than  that  of  the  soil  with  40  tons  and  100%  of  manure.  At  the 
end  of  the  first  day,  or  at  the  beginning  of  the  second  day,  the  tempera- 
ture of  all  the  soils  containing  the  different  manures  in  the  various  quan- 
tities was  appreciably  higher  than  that  of  the  check  and  increased  regu- 
larly and  gradually  with  the  increase  in  the  amount  of  manure.  The 
rise  in  all  cases  tended  to  increase  till  the  maximum  i^^ns  reached  and 
then  showed  a  tendency  to  decrease  but  remained  quite  constant  for  a 
long  period  and  varied  with  the  air  temperature.  On  account  of  the 
variation  in  air  temperature  it  is  somewhat  difficult  to  state  definitely 
when  the  maximum  temperature  was  attained  by  all  the  different  ma- 
nures. The  results  seem  to  show,  however,  that  this  was  attained  at 
different  days  by  the  different  kinds  as  well  as  by  the  different  amounts 
of  manure  but  practically  on  the  third,  fourth  and  fifth  day.  The  larger 
quantities  of  every  kind  of  manure  attained  the  maximum  temperature 
earlier  than  the  smaller  quantities.  The  horse  manure  attained  the  high- 
est temperature  first,  followed  by  cow  and  sheep  one  day  later.  The 
magnitude  of  rise  of  temperature  was  also  in  the  same  order.  The  maxi- 
mum temperature  given  by  the  40  tons  of  the  horse  manure  was  2.18°  C, 
of  the  cow  1.27°,  and  of  the  sheep  1.28°  and  by  the  10  tons  of  the  horse 
manure  .5696°,  cow  .7847°,  and  sheep  .4312°.  While  the  highest  tem- 
perature reached  by  100%  horse  manure  was  23.27°  C.  and  by  the  same 
percent  of  cow  manure  3.67°  C.  The  check  or  the  unmanured  soil  was 
taken  as  a  unit  in  every  case. 

After  the  highest  point  was  reached  the  temperature  began  to  de- 
ci-ease  slowly  but  on  the  whole  it  remained  quite  constant  almost  to 
the  end  of  January.  During  this  time  it  varied  from  day  to  day  with  the 
air  temperature.  By  the  middle  of  February  it  began  to  become  some- 
what imperceptible  among  the  different  kinds  of  manure  as  well  as 
among  the  different  amounts  within  the  same  kind  of  manure.    In  fact 
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the  temperature  of  the  sheep  manure  began  to  become  less  than  that 
of  the  check. 

When  the  daily  records,  or  for  those  days  that  the  records  were  taken, 
are  arranged  in  averages  for  the  whole  period,,  namely,  from  December 
28th  to  April  10th,  it  is  found  that  in  every  case  the  rise  of  temperature 
increased  very  regularly  and  gradually  with  the  increase  in  the  amount 
of  manure  so  that  the  difference  between  the  soil  with  no  manure  and 
that  containing  40  tons  of  manure  was  for  horse  manure  1.23°,  for  cow 
manure  .91°,  and  for  the  sheep  manure,  .80°  C. ;  while  the  difference  be- 
tween no  manure  and  10  tons  of  manure  was  for  the  horse  manure  .30°, 
for  cow  .49°,  and  for  sheep  .20°  C. 

From  these  results  it  would  seem  that  the  application  of  40  tons  of 
manure  and  especially  of  horse  manure,  would  raise  the  soil  tempera- 
ture quite  appreciably  above  that  of  the  uumanured  soil  and  keep  it 
warmer  for  a  long  period,  but  such  heavy  applications  or  dressings  are 
very  seldom  applied.  The  most  common  and  practical  dressing  is  about 
10  tons  to  the  acre.  This  amount  raised  the  temperature  of  the  soil 
about  half  a  degree  and  at  the  end  of  the  whole  period  this  soil  was 
only  about  a  quarter  of  a  degree  warmer  than  the  wholly  uumanured 
soil.  This  warmth  or  rise  is  unimportant  for  practical  conditions; 
it  is  too  small  to  have  any  important  influence.  Furthermore,  when  it 
is  considered  that  the  decomposition  processes  require  a  high  tempera- 
ture for  their  maximum  activity,  then  manure,  even  in  fairly  large 
amounts,  can  add  no  or  very  little  heat  to  the  soil  at  the  time  when  the 
latter  needs  it  the  most. 
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SUMMARY. 

In  this  bulletin  there  is  presented  the  results  of  an  investigation  upon 
the  general  subject  of  soil  temperature.  It  was  shown  at  the  outset 
that  the  problem  is  very  complex — it  involves  a  variety  of  factors — ^and 
in  order  to  arrive  at  proper  and  definite  conclusions  it  must  be  studied 
from  as  broad  a  standpoint  as  possible.  The  attempt  was  made  and  the 
results  obtained  may  be  summarized  as  follows: 

The  specific  heat  of  different  types  of  soil,  gravel,  sand,  loam,  clay 
and  peat,  in  dry  condition  did  not  differ  very  materially;  this  was  true 
both  by  equal  weights  as  well  as  by  equal  volumes.  The  specific  heat  of 
peat  was  about  half  as  great  as  that  given  to  it  by  other  investigators. 
The  moisture  content  of  these  different  soils  in  their  natural  condition 
varied  very  greatly  and  since  water  has  such  high  specific  heat,  it  made 
a  tremendous  difference  in  their  final  specific  heat. 

The  heat  transference  in  these  different  soils  was  measured  (1)  in 
their  dry  condition;  (2)  in  their  natural  state  under  laboratory  condi- 
tions; and  (3)  under  field  conditions.  It  was  found  in  all  these  three 
states  that  the  order  of  heat  conductivity  was  the  same:  gravel  pos- 
sessed the  highest  heat  transmitting  power,  followed  in  order  by  sand, 
clay,  loam  and  peat,  respectively.  Convectional  currents,  molecular 
diffusion  and  distillation  influenced  very  greatly  the  rate  of  flow  of  heat, 
and  consequently  the  values  obtained  do  not  represent  the  true  heat 
conducting  power  of  these  different  types  of  soil. 

In  field  conditions,  the  solar  radiation  tended  to  travel  with  greater 
rapidity  and  facility  vertically  than  horizontally. 

The  study  on  racfiation  showed  that  color  had  no  effect  upon  radia- 
tion, which  is  contrary  to  the  common  belief,  but  it  had  upon  absorp- 
tion; that  the  different  types  of  soil  tended  to  radiate  differently  when 
dry,  about  the  same  and  more  when  well  moistened  and  in  their  natural 
condition,  and  that  a  dry  surface  or  mulch  reduced  the  radiation.  In 
the  dry  state,  sand  exhibited  the  highest  radiating  power  followed  by 
gravel,  clay,  loam,  and  peat  respectively.  The  water,  however,  had  by 
far  the  highest  radiation  capacity  of  any  soil  either  in  the  dry  or  moist 
state. 

When  the  temperature  of  these  different  types  of  soil  (all  covered 
with  a  thin  layer  of  the  same  kind  of  soil  in  order  to  eliminate  the 
factor  of  color,  and  other  factors)  was  studied  under  field  conditions, 
it  was  found  that  they  all  cooled  and  froze  about  the  same  time  in  the 
upper  6  inches,  but  in  the  spring  they  thawed  and  warmed  up  at  differ- 
ent rates.  This  was  attributed  to  their  different  specific  heats  and  to 
the  downward  and  upward  trend  of  air  temperature  in  the  fall  and 
spring  respectively.  The  gravel  and  sand  thawed  first,  followed  by  clay 
1  day  later,  loam  2  days  later,  and  peat  10  days  later.  The  temperature 
of  the  first  two  soils  rose  very  rapidly  after  thawing,  while  that  of  the 
others  rose  very  slowly.  When  the  lower  depths  of  the  latter  soils  had 
thawed,  however,  their  temperature  rose  also  quite  rapidly  and  finally 
reached  the  same  d^;ree  of  magnitude  as  in  the  former  or  lighter  soils, 
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and  all  continued  to  have  almost  the  same  temperature  from  then  on 
throughout  the  summer,  autumn  and  winter. 

This  equal  degree  of  warmth  of  all  these  different  types  of  soil  dur- 
ing the  warm  part  of  the  year  and  especially  during  the  summer  sea- 
son, was  believed  to  be  due  largely  to  the  thin  layer  of  the  same  kind 
of  soil  with  which  they  were  all  covered.  This  thin  layer  of  soil  tended 
to  equalize  the  amount  of  heat  that  penetrated  into  these  different  kinds 
of  soils  by  eliminating  the  differences  of  their  color  and  by  equalizing, 
to  a  large  extent,  the  amount  and  rate  of  evaporation  of  their  moisture. 
If  it  had  not  been  for  this  external  layer  of  soil  these  different  soil 
types  would  have  taken  in  unequal  amounts  of  heat  and  consequently 
their  temperature  would  have  been  different.  This  point,  however,  is 
now  under  investigation. 

Of  all  these  different  types  of  soil,  sand  showed  the  greatest  ampli- 
tude and  was  followed  by  gravel,  clay,  loam,  and  peat,  respectively. 
Tlie  greatest  monthly  fluctuation  for  all  soils  occurred  in  June  and  the 
least  in  February. 

The  different  meteorological  elements  played  a  great  part  in  the  tem- 
perature of  these  soils,  but  on  account  of  the  complexity  of  their  be- 
havior it  was  diflScult  to  trace  the  direct  influence  of  all  of  them.  The 
influence  of  the  most  important  ones  was  discussed  in  detail. 

The  results,  from  the  investigation  on  the  effect  of  organic  matter  on 
soils  temperature  showed  that  the  rate  of  thawing  was  about  propor- 
tional to  the  amount  of  organic  matter  present,  but  that  after  thaw- 
ing the  temperature  of  the  soils  containing  2.01,  3.32,  5.47  and  6.95% 
organic  matter  was  higher  throughout  the  summer  than  the  temperature 
of  the  white  sand  and  of  the  peat.  The  temperature  of  these  last  two 
soils  was  about  the  same  during  the  warmer  part  of  the  year,  but  during 
the  cold  seasons  the  peat  had  a  higher  temperature.  The  magnitude 
of  the  amplitude  of  all  these  soils  behaved  in  the  same  order  as  the  aver- 
age temperature. 

The  conditions  of  cultivation,  noncultivation  and  sod  had  a  very  dis- 
tinct effect  upon  the  soil  temperature.  During  the  winter  all  three 
plots  had  about  the  same  temperature  with  a  small  difference  in  favor 
of  the  sod.  In  the  spring  the  sod  and  uncultivated  plots  thawed  first 
and  the  cultivated  plot  about  one  day  later,  at  the  7  inches  depth.  The 
temperature  of  the  sod  plot  rose  several  degrees  above  that  of  the  other 
two  plots  and  continued  to  be  in  excess  until  the  plants  had  made  a 
considerable  growth,  and  then  it  dropped  below  that  of  the  two  bare 
plots,  and  remained  so  throughout  the  summer  months,  but  when  the 
cold  period  came  the  order  was  reversed, — ^the  temperature  of  the  bare 
plots  fell  below  that  of  the  sod  plot  and  continued  to  be  lower  through- 
out the  second  winter.  The  temperature  of  the  cultivated  plot  rose  slight- 
ly higher  than  that  of  the  uncultivated,  after  thawing,  and  continued  to 
be  slightly  higher  during  the  early  part  of  the  spring  season  or  up  to 
about  the  middle  of  May,  and  then  the  uncultivated  plot  became  the 
warmer  and  remained  so  throughout  the  whole  summer.  During  the  fall 
both  plots  had  about  the  same  temperature  with  a  slight  difference  in  fa- 
vor of  the  uncultivated  plot.  The  difference  in  temperature  between  these 
two  plots  was  explained  upon  the  following  general  facts:  (1)  Different 
rate  of  evaporation;  (2)  different  rate  of  heat  conductivity;  (3)  differ- 
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ence  in  temperature  at  the  lower  depths,  and  (4)  the  eflfeet  of  the  dry 
mulch  of  the  cultivated  soil. 

Salt  solutions  had  a  very  marked  influence  on  the  rising  and  lowering 
of  soil  temperature.  Different  salt  solutions  of  the  same  density  or 
the  same  solution  of  different  densities  raised  the  soil  temperature  con- 
siderably. Their  influence  was  also  very  pronounced  on  the  rate  and 
d^ree  of  lowering  of  temperature,  as  well  as  on  the  rate  of  thawing. 

The  different  kinds  of  manure  raised  the  soil  temperature  differently, — 
horse  manure  the  most,  sheep  manure  the  least,  and  the  cow  manure 
intermediate.  In  every  case  the  greatest  rise  took  place  in  the  first 
three  or  four  days.  The  rise  increased  with  the  increase  in  quantity. 
The  d^ree  of  rise  is  probably  insignificant  for  practical  conditions. 

It  is  thus  seen  that  the  general  subject  of  soil  temperature  is  very 
complex,  that  the  number  of  factors  influencing  it  is  very  large,  that 
the  effect  of  these  different  factors  may  be  direct  or  indirect,  dependent 
or  independent,  large  or  small,  and  that  some  of  these  factors  can  be 
controlled  and  others  cannot,  for  the  final  modification  of  soil  tempera- 
ture. 
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FOREWORD. 


The  present  bulletin  appeals  to  the  entomological  worker  because  it 
helps  to  explain  the  excessive  mortality  that  sometimes  occurs  when 
white  grubs  become  exceptionally  plentiful. 

It  is  to  be  hoped  that  opportunity  for  further  experiments  may  be 
forthcoming  in  order  that  confirmatory  evidence  may  be  obtained  to- 
gether with  more  detail  regarding  conditions  favorable  to  the  propaga- 
tion and  spread  of  the  disease. 

R.  H.  PETTIT, 
Entomologist  Exp.  Station. 
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A  BACTERIAL  DISEASE  OF  THE  LARV^  OF  THE  JUNE  BEETLE, 

LACHN08TERNA  SPP. 


Bt  ZAB  NOBTHBUP. 


WITH  TWENTY-TWO  ILLUSTRATIONS. 

The  "white  grub"  or  larva  of  the  May  or  June  beetle,  Lachnasterna  spp. 
was  brought  forcibly  to  the  notice  of  the  fanners  during  the  summer  of  1912 
on  account  of  the  serious  depredations  to  various  crops.  This  is  by  no 
means  the  first  year  that  the  ravages  of  these  insect  larvse  have  been  recorded. 
Their  activities  were  known  as  early  as  the  middle  of  the  seventeenth  century 
(1)  and  have  continued  to  be  remarked  with  more  or  less  regularity  every 
few  years  up  to  the  present  time  (2-12  inclusive). 

These  insect  larv»  known  locally  as  "caculo"  or  "gusano  bianco"  are 
also  a  serious  pest  to  the  sugar  cane  in  Porto  Rico  (13). 

These  larvsB  have  a  life  cycle  of  at  least  three  years,  but  rarely  do  notice- 
able damage  during  the  first  year  of  their  existence  because  of  their  relatively 
small  size;  the  second  and  third  years  however,  are  often  marked  by  serious 
ravages  to  crops  and  to  grass  land. 

Up  to  the  present  time,  in  the  United  States  no  artificial  remedies  have 
been  in  any  way  successful  in  controlling  the  numbers  and  proportionate 
depredations  of  these  grubs,  nor  have  the  natural  means  of  suppression 
been  sufficiently  potent.  Hogs  and  fowls  allowed  to  run  on  newly  plowed 
land  eat  the  grubs,  but  this  or  similar  remedial  measures  can  be  used  evi- 
dently only  under  restricted  conditions.  Two  species  of  blackbird  in  Porto 
Rico  are  very  active  in  following  the  plow,  searching  for  and  eating  the 
white  grubs  (13). 

A  remedy  which  would  fill  the  real  need  is  one  which  would  act  in  situ. 
Such  provision  for  holding  the  white  grub  in  check  is  found  in  the  insect 
parasites  and  parasitic  fimgi.  Up  to  the  present  time  at  least  nine  other 
insects,  three  species  of  fimgi  and  two  species  of  bacteria  (14)  are  known 
to  attack  the  larvse  of  Lachnoatema  spp.  and  related  genera.  This  article 
describes  a  third  bacterial  infection  due  to  a  micrococcus,  the  characteristic 
lesions  of  which  were  apparently  described  by  Krassilstschik  but  were  at- 
tributed to  a  "decompjosition  of  the  epidermis  provoked  by  a  rupture  of 
the  cuticle  whose  elasticity  is  somewhat  limited''  (translation). 

Mr.  Xavier  Raspail  in  his  article  in  the  "  M^moires  de  la  Soci^ti^  Zoologique 
de  France''  sajrs  'efficacious  animal  parasites  of  this  insect  are  unknown'  (13). 
'  Some  twelve  years  ago,  cultures  of  a  parasitic  fungus,  Isaria  densa  {Botrytis 
tenella)  were  for  sale  in  France  as  a  remedial  measure  against  the  larvae  of 
the  European  May  beetle,  Melolonlha  vulgaris.  The  results  obtained  were 
very  variable. 

Mr.  le  Moult  stated  however  that  the  results  of  inoculation  of  the  soils 
of  the  Canton  of  Gorrow  in  1891  and  1892  exceeded  all  hopes;  the  ruin 
caused  by  the  white  grubs  was  followed  by  affiuence  and  the  parasites  used 
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in  the  soil  still  continued  their  destructive  action  on  the  grubs  produced 
by  beetles  from  neighboring  cantons  (13). 

Pettit  (15)  in  his  bulletin  on  "Insects  of  the  Garden"  is  among  the  few 
to  mention  the  fact  that  these  larvsB  are  subject  to  diseases;  to  quote :  "  these 
larv»  are  especially  apt  to  be  killed  off  by  diseases  and  natural  enemies 
so  that  they  come  and  go  with  no  apparent  reason  for  so  doing.  They 
seldom  remain  very  niunerous  in  one  field  for  more  than  one  or  two  years, 
because  of  these  enemies  and  diseases."* 

During  the  summer  of  1912,  many  complaints  came  to  the  Entomological 
Division  of  this  station  of  the  ravages  of  the  white  grub  and  accompan3ring 
the  letters  in  many  cases  were  specimens  of  the  pest.  Prof.  Pettit  noted 
that  a  large  percentage  of  the  specimens  was  diseased  to  a  greater  or  lesser 
extent.  From  the  previous  history  of  similar  infections  he  had  remarked 
that  when  the  larvse  became  infected,  the  course  of  the  disease  was  so  rapid 
and  the  consequent  destruction  of  the  larvse  so  thorough  that  healthy  speci- 
mens were  difficult  to  obtain  even  early  in  the  season  and  but  few  would 
be  foimd  for  the  next  few  years;  with  this  in  mind,  the  specimens  of  the  grub 
and  addresses  of  the  farmers  sending  the  same  were  immediately  turned 
over  to  the  Bacteriological  Laboratory  with  the  hope  that  the  cause  of  the 
disease  might  be  ascertained  and  if  practicable,  used  as  a  remedial  measure. 

*Pettit  now  (1014)  states  that  the  three  year  cycle  may  help  to  explain  the  appearance  and  dis- 
appearance of  these  larye. 


PART  I. 

EXPERIMENTS  WITH  LARVAE  OF  LACHNOSTERNA  SPP. 

The  normal  larva  is  described  (15)  as  a  grub,  white  and  soft  with  the 
exception  of  the  head  and  six  legs,  having  a  row  of  spiracles  (breathing 
pores)  along  the  sides,  a  delicate  watery  creature  with  awkward  gait  and 
feeble  powers  of  locomotion. 

The  diseased  larva  differs  from  the  normal  larva  in  that  the  affected  parts 
are  very  black  and  shiny  and  are  sharply  circmnscribed.  The  infection 
occurs  mainly  along  the  joints  of  the  legs,  spiracles  and  upon  the  dorsal  or 
ventral  segments  of  the  white  soft  i)ortion. 


Fig.  1. 

Normal  larva  of  Laehno»t9ma  areuato,  enlarged  one-fourth.   Fig.  46  (from  Chittenden),  1908  Yearbook 
of  the  U.  S.  Dept.  of  Agriculture  (27). 

Digitized  by  Google 


A  BACTERIAL  DISEASE  OP  JUNE  BEETLE  LARV^. 


7 


o 


I 


5 


Badly  diseased  larvse  are  almost  entirely  black  or  brownish  in  color;  the 
whole  body  often  seems  to  be  in  a  state  of  advanced  putrefaction,  yet  the 
larva  still  shows  signs  of  life.* 

It  would  not  be  remarkable  if  the  rapid  generalizationf  of  this  disease 
occurred  after  the  first  infection,  because  of  the  nature  of  the  circulatory 
system,  there  being  no  system  of  closed  blood  vessels,  only  a  heart  and 


*It  is  now  tboufht  that  this  brown  coloration  {not  the  shiny  black  coloration)  of  the  diseased 
laree  is  most  probaoly  due  to  the  invasion,  secondary  or  primary,  of  another  organism,  the  gas-bacillus 
found  in  the  aiseasea  laryss  which  appears  to  be  similar  to  Krassilstschik's  bacillus  of  septicemia,  B. 
*eptieuM  intetorum.    (Seep.  17). 

tThls  "eeneraUzatlon"  is  now  thought  to  be  a  manifestation  of  the  septicemia-Uke  character  of  the 
agent  which  causes  the  brown  coloration  of  the  larvs. 
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short  artery  located  along  the  median  dorsal  line,  the  blood  wandering 
freely  through  the  body  cavity  bathing  all  the  tissues  (16). 

The  progressive  destructiveness  of  the  disease  is  most  marked  in  the 
affections  of  the  legs.  In  some  cases  the  infection  begins  at  the  tip  of  the 
leg  and  as  it  progresses,  the  leg,  segment  by  segment,  blackens  and  drops 
of!  leaving  the  stumps  shiny,  black  and  sometimes  swollen  in  appearance; 
in  other  cases  the  infection  occurs  at  one  of  the  intermediate  joints  or  at  the 
last  joint  nearest  the  body  of  the  grub,  the  leg  in  time  loosening  and  breaking 
oS  at  the  pjoint  of  infection.  This  phenomenon  was  apparently  noted  by 
Krassilstschik,  as  follows:  **larvfie  with  one  or  several,  more  or  less  affected 
legs  are  found,  the  parts  of  which  near  the  body  become  entirely  black." 
(translation)    (see  Fig.  2). 

Within  certain  limits  neither  the  size  nor  the  number  of  infected  areas 
seems  to  affect  the  activity  of  the  grub.  To  quote  Krassilstschik  again 
**This  (referring  to  the  black  spots)  does  not  hinder  the  larvffi  from  being 
in  the  best  state  of  health,  from  being  transformed  into  a  chrysalid,  etc." 
(translation)  Only  \mder  certain  conditions  which  will  be  mentioned 
later  is  the  activity  of  the  grub  lessened,  and  followed  later  by  death.  Most 
of  the  grubs  examined  were  very  active  unless  badly  infected  with  the  disease. 

ETIOLOGY  OF  THE  DISEASE  OF  THE  JUNE  BEETLE  LARV^. 

Smears  were  made  from  a  dead  grub  badly  infected  with  the  disease, 
and  stained  with  carbol-fuchsin.  Micrococci  predominated;  there  were 
present  also  a  number  of  bacteria  with  rounded  ends,  in  chains. 

Smears  were  also  made  from  the  diseased  portion  of  a  living  grub,  an 
incision  being  made  in  the  diseased  tissues  with  sterile  scissors,  the  material 
being  obtained  with  a  sterile  platinum  loop.  These  preparations  were 
stained  with  carbol-fuchsin  and  with  Wright's  stain  and  examined  with  the 
1-12  oil  immersion  lens.  Only  an  occasional  preparation  contained  organ- 
isms; these  appeared  to  be  micrococci,  not  perfectly  round,  occurring  as 
diplococci  and  tetrads. 

Transfers  of  the  infectious  material  from  this  incised  portion  of  the  larva 
were  made  to  tubes  of  sterile  broth  and  slant  agar.  Plates  were  made  from 
one  of  the  broth  tubes,  in  ordinary  agar. 

The  twenty-four  hour  cultures  in  broth  were  uniformly  cloudy,  no  ring 
or  pellicle,  and  a  few  bubbles  of  gas  were  noted;  on  agar  the  growth  was 
white,  moist,  beaded,  semi-translucent,  not  spreading.  The  plates  made 
from  the  broth  tube  inoculated  directly  from  the  diseased  portion  of  the 
living  grub  gave  almost  a  pure  culture  of  micrococci;  this  seemed  to  indicate 
that  this  micrococcus  was  the  causal  organism.  (P^brine,  an  infectious 
disease  of  silk  worms  was  formerly  supposed  to  be  due  to  a  micrococcus, 
MicTococca8  ovaiuSj  but  is  now  known  to  be  due  to  a  protozoan  (17), 

MORPHOLOGICAL  AND  CULTURAL  CHARACTERISTICS  OF  THE  MICROCOCCUS. 

The  following  observations  were  made  on  pure  cultures  of  the  micrococcus 
isolated  from  the  agar  plates  mentioned  above.  The  cultures  were  grown 
at  20°-25°C. 

Morphology:  Micrococci  of  varying  sizes,  0.9  microns,  1.2  to  1.4  microns 
diameter  with  dividing  forms;  occur  singly,  in  twos  (diplococci),  threes 
(triangular),  fours  (tetrads  or  diamond-shape),  and  clumps  of  more  or  less 
regular  groupings,  the  individuals  in  the  groups  arranged  in  a  honeycomb- 
like order  (see  Figs.  3,  4  and  5) ;  chains  of  more  than  three  never  observed. 
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Division  in  one  plane  very  evident  (see  Figs.  3  and  4);  division  in  two 
planes  in  a  single  organism  was  infrequently  observed. 

Ordinary  agar,  stroke  culture:  7  dajrs,  growth  abundant,  beaded,  ISat, 
glistening,  slightly  contoured,  opaque,  pale  orange-yellow,  butyrous  con- 
sistency, no  odor. 

Cultures  newly  isolated  are  non-pigmented  and  show  very  moderate 
growth;  successive  subcultures  however  have  a  dull  yellow-orange  color 
which  darkens  somewhat  with  age;  the  latter  show  abundant  growth. 

Dextrose  agar  stroke  culture:  48  hoiu*8,  growth  moderate,  limited  to 
line  of  inoculation,  rather  membranous;  other  characters  the  same  as  an  or- 
dinary agar. 

Broth:   48  hours,  turbid,  no  ring  or  pellicle,  no  gas. 
Larva  broth:   Same  as  ordinary  broth. 

Litmus  milk:  7  days,  slightly  acid,  slight  reduction,  no  coagulation, 
yellowish  deposit  of  bacterial  cells  at  bottom  of  tube.  (Some  cultures 
showed  coagulation). 


Fig.  3. 

Microeoceut  niarofa- 
dent,  X  1000,  from  & 
nine  dav  old  dextrose 
9gK  culture.  Metby- 
ten  blue.  Shows  vary- 
ing sizes  and  gonocoo- 
ai»-like  forms.  Zeiss 
Oc.  8.  Leitz  Apo.  Oil 
immers.  2  mm.  Ap 


Fig.  4. 

Microecua  niorofacientt  X  1500.  Shows  varying  sizes  and  gonocoocus-like  forms. 
Zeiss  Oc.  8.    Leitz  Apo.  Oil  inmiers.  2  mm.  Ap.  1.30. 
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Fig.  6. 

Micrococcus  nigrofacienn,  X  2000,  six  day  old  larva-medium  culture.   Gram  stain.    Zeiss  Oc.  8.  Leiti 
Apo.  Oil  immers.  2  mm.  Ap.  1.30.    Notice  the  re^lar  groupings  in  twos,  threes  (triangular), 
tetrads  and  fours  in  diamond  shape,  also  in  sixes  (triangular)  and  sevens  (hexagonal  with 

coccus. in  center). 


Gelatin  stab:  Within  24  hours,  liquefaction  craterifonn,  2nd  day 
becoming  stratiform;  liquefaction  proceeds  tut  slowly. 

Another  gelatin  stab  culture  after  seven  days  growth  showed  only  crateri- 
fonn liquefaction,  growth  best  on  surface,  line  of  puncture  filiform  to  beaded 
at  greatest  depth.    One  culture  showed  viscidity. 

Larva-gelatin  stab:  Best  growth  at  surface  at  first,  crateriform  liquefac- 
tion becoming  napiform  to  saccate.  Heavy  deposit  of  bacterial  sediment 
at  base  of  liquefied  sac. 

Dextrose,  lactose  and  saccharose  fermentation  tubes;  48  hours,  turbidity 
in  open  arm  only,  no  gas. 

Maltose  peptone  solution:  24  hours,  very  turbid.  Older  culture  shows 
sediment  but  no  surface  growth. 

Indol  production:   Positive  but  moderate. 

For  the  purpose  of  checking  the  above  results,  this  organism  was  given 
to  one  of  the  students  as  an  "unknown."  I  am  indebted  to  Mr.  C.  R. 
Garlock  for  the  following  data  concerning  the  morphological  and  cultural 
characteristics  of  the  micrococci  predominant  in  the  diseased  portions  of  tiie 
white  grub. 
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Name  of  microorganism:  Unknown,  designated  as  No.  25. 

Isolated  from:   Dextrose  agar  slant,  pure  culture. 

Occurrence:   Not  known. 

Importance:   Not  known. 

Spore:  None  observed. 

Method  of  reproduction:   Binary  fission. 

Total  organism:   Drawings  of  diplococci  and  tetrads. 

Arrangement:   In  twos  and  fours. 

Size:   1.2  microns  to  1.4  microns  in  diameter. 

Flagella:  None. 

Involution  forms :  None. 

Capsules  or  zooglea:  None. 

Hanging  drop:  Drawing  shows  that  the  organisms  are  attracted  to  the 
periphery  of  the  drop,  demonstrating  positive  aerotaxis. 


Fig.  6.  Fig.  7. 

Agar  streak  culture  three  days  old,  showing  sep-     Qelatin  stab,  larva  gelatin  culture  nine  days  old. 
arate  colonies,  natural  size.  Natural  size,  showing  deposition  of  granular 

sediment  at  bottom  of  liquefied  fi^el. 
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Nutrient  broth:  No  change  the  Ist  day,  turbidity  and  deposition  of 
sediment  takes  place  gradually  until  the  5th  day,  when  a  decided  cloud- 
iness and  sediment  is  evident. 

Nutrient  gelatin  stab:   2nd  day,  beaded,  no  liquefaction  noted. 

Agar  streak:  1st  day,  filiform  growth,  seems  to  be  made  up  of  small 
colonies  creamy  white  in  color.  Colony  forms  still  evident  on  2nd  day. 
4th  day,  colonies  have  merged,  brownish  yellow  in  color. 

Potato  culture:   6th  day,  brownish  yellow,  restricted  growth. 

Gelatin  plate:  2nd  day,  colonies  1  mm.  to  2.5  mm.  in  diameter,  fiat, 
slightly  elevated,  smooth  edge,  interior  homogeneously  granular. 

Agar  plate:  11th  day,  colonies  the  size  of  a  pin  point  to  1.5  mm.  in 
diameter,  elevation  of  growth  a  little  more  pronounced  than  on  gelatin  plate, 
smooth  edge,  dense  center,  rest  of  colony  homogeneously  grammar. 

Color  production:   As  noted  under  agar  and  potato  cultures. 

Production  of  NHi,  H|S  and  indol:  Gave  no  reaction  with  methods 
employed. 

Litmus  milk:  No  change  for  10  days,  10th  day  partial  reduction, 
11th  day  acid,  curd  and  more  reduction,  14th  day  complete  reduction 
with  some  separation  of  whey. 

Reduction  of  nitrates:   Positive  reaction.  . 

Fermentation  of  carbohydrates:  No  gas  production.  Peptone  water 
(blank),  dextrose,  lactose  and  saccharose  give  good  growth  with  sedimenta- 
tion, in  open  arm  only.  (Lactose  seems  the  most  favorable.)  Starch  and 
maltose  are  much  more  favorable  to  luxuriant  growth. 

These  data  agree  very  well  with  the  preceding  with  the  exception  of  a 
few  particulars  as  the  liquefaction  of  gelatin,  action  in  litmus  milk  and  indol 
formation. 

Throughout  all  culture  media,  almost  without  exception,  this  organism 
shows  the  tendency  to  develop  in  small  separate  colonies.  Iliis  is  especially 
marked  in  whey,  larva  broth,  on  the  surface  of  slant  agar  and  in  the  gelatin 
cultures. 

STAINING  REACTIONS  IN  CULTURE. 

The  micrococcus  stains  best  with  aqueous-alcoholic  dyes;  is  Gram-positive 
but  negative  to  the  acid-fast  stain  and  to  Neisser's  stain  for  metachromatic 
granules. 

An  attempt  was  made  in  seeking  out  the  nomenclature  of  this  organism 
but  difliculties  were  met  which  prevent  the  fixing  of  the  micrococcus  in  a 
definite  group.  It  seems  to  enter  the  class  with  Micrococcus  hemorrhagixms, 
with  the  exception  of  the  size  (18).  From  the  characteristic  shiny-black 
lesions  produced  by  this  organism  it  has  been  named  Micrococcus 
nigrofaciensJ* 

PATHOGENICITY  OF  THE  MICROCOCCUS. 

Eight  larvae  were  received  from  an  infected  field  near  Sebewaing,  Mich- 
igan. One  of  these  was  apparently  not  diseased,  three  showed  infected 
areas  not  more  than  0.5  mm.  in  diameter,  the  remaining  four  were  in  an 
advanced  stage  of  the  disease.  All  but  one  were  very  active  and  this  one  to 
all  appearances  was  but  slightly  affected  with  the  disease. 

Soil  having  no  previous  history  of  white  grubs  was  obtained  from  the 
garden  adjoining  the  laboratory,  placed  in  large  petri  dishes  and  one  portion 
sterilized  in  the  autoclave  at  15  lbs.  pressure  for  3  hours,  the  other  portion 
baked  in  the  hot  air  oven  at  180®C  for  30  minutes. 

This  latter  portion  after  being  sterilized  was  mixed  as  aseptically  as  possible 
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with  enough  sterile  waAer  to  make  the  soil  of  about  the  same  plasticity  as  when 
obtained  from  the  garden.  A  few  drops  of  a  broth  culture  of  the  micrococcus 
were  then  added  and  mixed  thoroughly  using  aseptic  precautions  as  before. 
The  apparently  uninfected  larva  was  washed  with  a  camel's  hair  brush 
dipped  into  a  five  per  cent  solution  of  boric  acid,  washed  off  with  sterile 
water  and  placed  in  this  inoculated  soil. 

Six  days  afterward  the  larva  was  examined  and  foimd  to  be  still  apparently 
perfectly  normal.  The  absence  of  infection  was  assumed  to  be  due  to 
the  perfect  impermeability  of  the  integument.  With  the  possibility  in 
mind  that  natural  infection  results  from  bacterial  invasion  of  accidental 
abrasions  or  wounds,  or  inherent  imperfections  of  the  integumental  mem- 
brane, an  incision  was  made  near  one  of  the  spiracles,  thereby  imitating 
as  nearly  as  possible,  supposed  actual  conditions;  the  grub  was  then  re- 
placed in  the  inoculated  soil. 

Two  days  later,  the  larva  was  again  examined  and  was  foimd  to  have  a 
characteristic  shiny  black  lesion  at  the  point  of  incision.  The  larva  was 
found  dead  the  afternoon  of  the  next  day. 

It  was  suggested  by  Dr.  Shafer  of  the  Entomological  Department  that  this 
supposed  lesion  which  was  characteristically  black,  was  perhaps  only  the 
blackening  of  the  blood  caused  by  oxidation  upon  exposure  to  the  air.  For 
determining  this  point,  other  larv»  were  carefully  incised  and  left  exposed 
to  the  air  for  from  one  to  five  hours.  No  blackening  of  the  incised  portion 
occurred  in  any  case.  The  incision  was  not  evident  except  as  the  larva 
was  handled  roughly,  when  the  clear  colorless  blood  exuded.  (This  experi- 
ment was  made  with  larv»  of  the  Southern  U.  S.  June  beetle.) 

The  recovery  of  the  micrococcus  from  the  diseased  portion  of  this  larva 
followed,  but  whether  the  organisms  were  really  recovered  from  the  infected 
part  or  came  from  faulty  sterilization  of  the  exterior  portion  of  the  integu- 
ment or  from  those  which  entered  the  body  by  means  of  the  digestive  tract 
could  not  be  determined  very  well. 

In  simmiarizing  the  above  experiment  (which  was  the  only  one  of  its 
kind  performed  at  this  time,  due  to  the  lack  of  healthy  larvae)  it  seems  that 
even  this  single  trial  may  be  taken  as  at  least  indicative  of  several  things. 

1.  That  the  micrococcus  isolated  from  a  diseased  larva  of  the  June 
beetle,  Ijochnostema  spp.  is  pathogenic  to  other  larvse  of  the  same  species. 

2.  That  this  organism  must  exist  in  the  soil. 

3.  That  infection  may  occur  from  without. 

4.  That  if  (3)  is  possible,  the  diseased  larvae  must  have  become  infected 
through  some  abrasion  of  the  integument,  some  imperfection  of  the  joints 
of  the  or  abdomen  or  through  the  hair  follicles.  The  following  illus- 
trations furnish  a  defense  for  this  premise.    (See  Figs.  8,  9,  10.) 


Fig.  8. 


Jjeg  Joint  of  an  iiuect.   Fig.  22.   Packard's  Textbook  of  Entomology, 
cular  structure  oomes  to  the  turfaoe  at  tbe  point  of  articulation. 


(28)  Notice  that  the  mus- 
(See  Figs.  11  and  12). 
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Fig.  0. 

Integument,  showing  chitlnous  ring  of  segments  with  membranous  articulation  <8ee  Figs.  11  and  12). 
Fig.  17.  Packard's  Textbook  of  Entomology.  (28) 

At  the  same  time  that  the  healthy  grub  was  placed  in  artificially  infected 
soil,  a  second  apparently  healthy  grub  was  placed  in  "naturally"  infected 
soil.  The  latter  was  soil  sent  in,  containing  badly  diseased  grubs.  At  the 
end  of  five  days  no  infection  was  apparent  so  this  larva  was  incised  in  order 
to  repeat  the  foregoing  experiment.  Unfortunately  the  cut  was  made  so 
deep  as  to  cause  the  soft  inner  body  parts  to  extrude  and  the  larva  soon  died. 

In  the  effort  to  repeat  the  first  experiment  the  incisions  all  proved  fatal. 
It  is  very  diflScult  to  make  an  incision  in  an  active  grub,  even  with  very  sharp 
pointed  scissors  on  accoimt  of  the  chitinous  nature  of  the  integument  and 
unfortunately  anesthesia  cannot  be  practiced  without  fatal  resSts.  These 
several  futile  attempts  resulted  in  the  destruction  of  the  few  remaining 
healthy  larvfiB  and  no  others  could  be  obtained. 

DEMONSTRATION  OF  BACTERIA  IN  DISEASED  TISSUES  OP  LARV^  OF 
LACHN08TERNA  SPP. 

Microtome  sections  of  diseased  portions  of  several  larvae  were  stained 
with  eosin  and  methylen  blue  for  the  purpose  of  detecting  bacteria  in  the 
larval  tissues. 

Beautiful  pictures  were  thus  obtained  of  the  cellular  structure  of  the 
larvsB.  The  micrococci  were  found,  unstained,  but  dark  brown  in  color, 
in  masses  in  the  laminsB  of  the  integument,  and  in  the  subnascent  cells. 
The  tissues  surrounding  the  microorganisms  were  also  of  a  dark  brown 
color.  (See  Fig.  13).  Micrococci  stained  blue  were  found  also,  interspersed 
between  the  cells  of  the*  intestinal  wall  but  were  never  demonstrated  in  the 
body  tissues  intervening.  This  seemed  to  suggest  that  the  black  diseased 
areas  were  produced  by  extraneous  infection  only,  although  the  micrococci 
foimd  between  the  cells  of  the  intestinal  wall  were  doubtless  the  same  as 
those  introduced  artificially  into  the  soil  and  those  found  in  the  diseased 
portions  of  the  integument. 

The  micrococci  found  in  the  intestinal  tract  and  walls  may  exert  a  similar 
and  perhaps  even  more  powerful  influence  on  the  cell  activities  of  the  larva 
than  those  found  in  the  integument  because  of  the  essential  difference  in  the 
functions  of  the  respective  cells  and  in  the  nature  of  their  structure. 

Irregular  shaped  masses  also  staining  blue  were  foimd  interspersed  between 
the  cells  of  the  intestinal  wall  both  in  the  presence  and  in  the  absence  of 
micrococci.  (See  Fig.  17.)  The  accompanying  photomicrographs  illustrate 
the  above  conditions. 
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Fig.  10. 

Hair,  fdlUcle  tod  root  iLaehnoaterna  lanra),  X  000.    Zeiss  Oc.  2.    Leitz  Apo.  Oil  immers.  2  mm.  Ap 
1.80.   IlluBtrative  of  how  infeclion  may  enter  from  without.   See  Fig.  20. 
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Fig.  11. 

Normal  tissues,  X  100.   Zeiss  Oc.  2.  and  ObJ.  16.   Cross  section  of  larva  iLaehno§Uma)  ahowing 
character  of  cells  from  Intestinal  wall  to  the  integument.   Section  stained  with  eosln  and  methy- 
len  blue.   Cells  take  the  eoein  only. 
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Fig.  12. 

Normal  and  diseased  tissues,  X  100.   Zeiss  Oc.  2  and  ObJ.  16.   The  diseased  tissue  is  the  darl£  por- 
tion of  the  integument,  not  stained. 
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Fig.  13. 

Diseased  tissue  of  integument,  X  500,  section  of  Lachnoatcrna  larva.    No  cocci  evident,  showing 
muscular  attachment.    Zaiss  Oc.  2.    Leitz  Apo.  Oil  immers.  2  mm.,  Ap.  1.30. 
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Fig.  14. 

MicrococeuM  nigrofadena,  X  1000,  entering  the  integument  from  without.    Section  of  AUorhina  nUida, 
Gram+eosin+KOH.   Zeiss  Oc.  4.   Leitz  Apo.  Oil  immers.  2  mm.,  Ap.  1.30. 
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Fig.  15. 

Micrococcus  nigrofaciens,  X  1000,  in  outer  edge  and  in  interior  of  integument.   Oram  +Eosin  + 
KOH  section  of  AUorhina  nitida.   Zeiss  Oc.  4.   Leitz  Apo.  Oil  immers.  2  mm.,  Ap.  1 .30. 
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Fig.  16. 

Mieroeoccut  niffrofacxena,  X  1000,  in  cells  subnascent  to  the  integument.   Oram +Eosin +KOH 
section  of  AUorhina  nitida.    Zeiss  Oc.  8.    Leitz  Apo.  Oil  immers.  2  mm.,  Ap.  1.30. 
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Fig.  17. 

Micrococcus  nigrofacicna,  X  1000,  in  intestinal  wall.    Eosin  and  methylen  blue.    Lachnoalema.  Zeiss 
Oc.  4.    Leitz  Apo.  Oiljmmefs.  2  mni.,  Ap.  1.30.   Other  material,_nuclei  of  cells,  dirt,  etc,  stains 

blue  as  well  as  the  cocci. 
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EFFECT  OF  THE  MOISTURE  CONTENT  OF  THE  SOIL  UPON  DISEASED  LARViB. 

While  moistening  one  lot  of  baked  sterilized  soil  with  sterile  water,  un- 
intentionally an  excesfflve  amount  of  water  was  added.  This  soil  was  in- 
oculated with  a  broth  culture  of  the  micrococcus  as  before  and  a  slightly 
infected  larva  placed  in  it.   This  larva  died  within  two  days. 

Other  similar  experiments  were  then  performed  to  ascertain  whether 
the  excess  of  water  was  pertinent  with  regard  to  the  time  factor  of  the  disease, 
i.  e.,  whether  the  amount  of  water  present  in  the  soil,  within  certain  limits, 
was  not  in  direct  proportion  to  the  duration  of  life  of  the  grub  after  infection.* 

The  following  experiments  seem  conclusive:  A  larva  having  the  middle 
left  leg  infected  up  near  the  body  was  placed  in  soil  obtained  from  the  garden 
near  the  laboratory;  this  soil  has  been  free  from  "white  grubs"  as  far  as  could 
be  determined.  Within  2  days  the  leg  dropped  off  at  the  point  of  in- 
fection but  during  14  days  no  further  progress  of  the  disease  was  noted. 
At  this  time  an  excess  of  water  was  added  to  the  soil.  Two  days  later  the 
larva  was  found  dead.  The  infection  had  progressed  up  into  the  body  to 
some  extent  and  the  body  contents  seemed  in  a  liquid  condition. 

A  second  larva,  having  the  two  front  left  legs  off  at  the  second  joints  and 
no  other  visible  infection  was  placed  in  soil  from  the  garden,  as  above. 
After  16  days  sojourn  in  this  soil,  the  larva  was  examined  and  the  third 
leg  on  the  same  side  was  found  to  be  infected  at  the  tip;  no  other  marks  of 
iiJection  were  noted,  nor  had  the  infection  apparently  progressed  in  the 
other  legs.  The  soil,  at  the  end  of  16  days,  was  then  saturated  with 
sterile  water.  Three  days  later,  the  larva  was  found  dead,  the  last  leg  to 
be  infected  was  found  diseased  where  it  joined  the  body  and  the  infection 
had  extended  into  the  body  whose  contents  were  seemingly  in  a  liquid  con- 
dition as  in  the  case  of  the  first  larva. 

This  phenomenon  suggests  several  possibilities:  (1)  That  this  micrococcus 
is  more  virulent  or  finds  more  ready  entrance  into  the  body  of  the  grub  in 
the  presence  of  excessive  moisture;  (2)  that  the  same  may  be  true  with  re- 
gard to  the  gas  bacillus  which  is  quite  constantly  associated  with  the  micro- 
coccus in  diseased  larvae;  (3)  that  the  progress  of  the  disease  is  augmented 
by  the  mere  physical  presence  of  an  abnormal  amount  of  water  in  the  soil. 

These  hypotheses  seem  to  be  confirmed  by  a  survey  of  the  natural  con- 
ditions which  obtained  during  the  summer  of  1912.  The  farmers  will  re- 
member the  above  mentioned  season  for  its  continuous  rainfall.  The  official 
weather  reports  for  this  region  do  not  show  an  especially  marked  increase 
in  rainfall  over  that  of  other  years  but  a  glance  at  the  data  (19)  shows  the 
following  conditions: 

Although  on  but  14  days  out  of  31  in  both  July  and  August  and  13  out 
of  30  in  September,  precipitation  was  recorded,  in  many  cases  this  occurred 
several  days  in  succession  with  cloudy  days  intervening,  allowing  of  almost 
no  evaporation  on  account  of  continual  low  temperatures,  the  mean  for 
July  being  69.6°,  for  August  65.7°  and  September  62.7°  Fahr.  This 
would  produce  a  continuous,  almost  water-logged  condition  of  some 
soils.  A  correlated  theory  is,  that  the  evaporation  at  the  surface  of  the  soil, 
especially  that  due  to  growing  plants,  is  an  important  and  perhaps  a  pre- 
dominant factor  in  prolonging  cloudy  and  rainy  periods.  A  lowering  of 
temperature  during  these  periods  is  due  to  the  same  causes  (20). 

*Dr.  Britton  (12)  says:  "  The  dry  season  seems  to  favor  the  increase  and  abundance  of  white  grubs. 
Sereral  such  droughts  in  succession  generally  precede  or  at  least  accompany  severe  white  grub 
injury." 


Digitized  by 


Google 


24 


BXPBRIMBNT  STATION  BULLETIN. 


These  conditions,  seem  to  account,  partially  at  least,  for  the  fact  that 
the  larvse  which  were  sent  in  early  in  July  showed  but  slight  infection  while 
those  sent  in  the  latter  part  of  August  and  September  were  in  a  very  badly 
diseased  condition. 

In  comparison,  infected  larvce  existing  in  ordinarily  moist  soil  in  the  labor- 
atory lived  many  days,  in  fact  many  weeks  and  months  without  a  marked 
progress  of  the  infection.  A  few  slightly  infected  larv»  lived  a  maximum 
of  six  months  under  laboratory  conditions.  Muscardin^,  p^brine  and 
flach^rie  (all,  caterpillar  diseases)  are  similarly  affected  by  wet  weather.  (21) 
The  death  of  the  larvse  subjected  to  excessive  moisture  may  have  been  due, 
however,  not  to  the  micrococcus  alone  but  to  this  organism  supplemented 
by  the  gas-producing  bacillus  found  also  in  the  plates  niade  from  the  infected 
portion  of  a  larva.  (See  pp.  6,  7, 8  and  23).  This  organism  is  very  vigorous 
in  its  activities,  grows  abundantly  on  all  ordinary  media  but  is  favored  by 
sugar  media  in  which  it  produces  acid  and  gas;  it  liquefies  gelatin  rapidly 
and  grows  equally  well  at  25^C.  and  37°C.  It  is  found  to  be  the  predominant 
organism  in  badly  diseased  or  in  dead  larvse  showing  putrefaction.  (This 
organism  seems  very  similar  to  the  bacillus  of  septicemia,  B.  sepiicus 
insedorum,  investigated  by  Krassilstschik,  both  culturally  and  in  its  apparent 
action  on  the  larvse.  The  etiological  relation  of  the  gas  bacillus  to  the 
brown  coloration  of  the  diseased  larvse  has  not  yet  been  studied  extensively. 

When  a  mixed  culture  of  the  micrococcus  and  bacillus  in  question  was 
added  to  larva  media  (a  healthy  larva  of  the  Southern  U.  S.  May  beetle, 
AUorhina  nitida,  placed  in  a  test  tube  with  distilled  water  and  sterilized 
one  hour  in  flowing  steam)  a  putrid  odor  and  gas  production  was  first  noted, 
later  a  black  precipitate  settled  over  the  exposed  parts  of  the  larva.  Whether 
this  black  precipitate  bears  any  relation  to  the  blackness  of  the  infected 
areas  in  diseased  larvse  has  not  been  determined,  but  its  occurrence  in  culture 
may  be  significant. 


PATHOGENICITY  OF  THE  MICROCOCCUS  TO  OTHER  FORMS  OF  ANIMAL  LIFE. 


Angleworms. 

The  pathogenesis  of  the  organisms  in  the  mixed  culture  was  determined 
in  the  case  of  angleworms  for  two  reasons,  to  see  whether  the  angleworm 
whose  presence  is  desirable  in  soil  would  be  disastrously  affected  by  one  or 
the  other  or  the  combination  of  both  organisms,  and  should  these  organisms 
singly  or  in  mixed  culture  be  used  for  the  extermination  of  the  white  grub, 
it  would  be  of  economic  importance  to  know  whether  the  culture  used  would 
be  detrimental  to  this  friend  of  the  farmer. 

Angleworms  were  placed  in  ordinarily  moist  soil  artificially  infected  with 
the  micrococcus  and  gas-bacillus;  some  were  incised  as  in  the  white  grub 
experiment  preceding.  A?  no  signs  of  disease  were  noted  after  several  days 
sojourn  in  the  infected  soil,  sufficient  water  was  added  to  it  to  produce  a 
saturated  condition.  Two  or  three  days  later,  both  worms  were  found 
dead  and  liquefied  inside;  they  decomposed  entirely  later  and  became  slimy. 

This  experiment  was  repeated  many  times,  always  with  the  same  results. 

Microscopical  examination  of  the  slimy  mass  revealed  a  preponderance 
of  bipolar-staining  sporulating  bacilli.  These  bacilli  were  isolated  and  found 
to  produce  the  above  results  in  pure  culture,  i.  e.,  upon  placing  angleworms 
in  sterile  soil  previously  inoculated  heavily  with  a  broth  culture  of  these 
bacilli,  the  angleworms  were  found  liquefied  and  slimy  within  two  days. 
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These  baciUi  resembled  very  closely,  morphologically  and  culturally,  those 
introduced  with  the  micrococcus. 

The  results  produced  upon  the  angleworms  by  inoculating  sterile  soil 
with  the  mixed  culture  were  perhaps  caused  by  the  bacilli  only,  in  the  presence 
of  an  excess  of  water,  or  possibly  by  an  association  of  the  two  organisms. 
No  definite  assertion  can  be  made  therefore  as  to  which  organism  caused  the 
death  of  the  angleworms. 

The  American  Cockroach,  Periplaneta  Americana. 

An  attempt  was  made  to  determine  the  transmissability  of  the  micrococcus 
infection  to  the  large  cockroach,  Periplaneta  americana. 

Two  live  roaches  of  this  species  were  placed  in  a  sterile  dish  containing 
a  piece  of  bread  saturated  with  a  broth  culture  of  the  micrococcus.  After 
a  sojourn  of  eleven  days,  the  cockroaches  were  examined.  Each  roach  was 
infected  at  the  extremities  of  all  six  legs  and  the  two  hind  legs  of  each  were 
black  and  splitting  or  breaking  off.  One  was  nearly  dead,  showing  life 
only  by  an  occasional  twitching  of  the  legs.  The  antennae  and  setae  of  the 
latter  were  also  apparently  infected.  By  consulting  the  accompanying 
figure  the  point  and  progress  of  infection  can  be  traced. 


Fig.  18. 

American  cockroach,  Periplaneta  americana.    Second  roach  in  Fig.  1,  Cir.  51,  n.  8.  Bur.  of  Ent.  U.  S. 
Dept.  of  Agriculture,  letters  indicate  place  of  infection.    (See  text). 

The  latter  roach  is  designated  as  A,  the  former  as  .B.  A  had  both  legs 
off  at  a,  the  right  leg  off  at  b  and  both  at  c.  B  had  the  left  leg  off  at  a,  both 
at  b,  right  leg  off  at  c  and  at  d. 

A  was  placed  in  a  sterile  dish  to  see  if  the  micrococcus  could  be  recovered 
from  the  feces.    Microscopic  examination  of  smears  of  the  feces  stained 
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with  carbol-fuchsin  showed  myriads  of  organisms,  micrococci  were  common, 
also  sporulating  bacteria. 

One  of  the  infected  legs  of  B  was  ground  up  in  a  mortar,  smears  and  plates 
were  made.  The  micrococcus  was  demonstrated  in  both  instances  and 
isolated. 

Two  other  roaches  of  this  same  species  were  treated  in  the  same  manner 
as  A  and  B.  One  of  these  showed  no  infection  after  thirteen  days,  but  a 
month  later  one  leg  was  infected;  the  roach  died  a  few  days  later.  The 
other  specimen  was  dead  and  decomposed  so  badly  at  the  second  examina- 
tion that  the  presence  or  absence  of  infection  could  not  be  determined. 

Guinea  Pigs  and  Rabbits. 

Guinea  pigs  and  rabbits  injected  subcutaneously  and  intraperitoneally 
with  a  salt  solution  suspension  of  the  micrococcus  showed  no  ill  effects  of 
the  inoculation  in  any  way, 

DEMONSTRATION  OF  THE  MICROCOCCUS  IN  SOIL. 

Naturally  infected  soil,  i.  e.,  soil  shipped  in  with  the  disease  grubs  was 
plated.  Although  this  soil  must  have  contained  the  infectious  material, 
at  the  necessary  dilutions  used  no  micrococci  were  found.  If  the  character- 
istic growth  on  agar  plates  will  again  be  noted  (See  pp.  8-12)  this  perhaps 
will  offer  some  explanation  as  to  why  the  attempts  to  isolate  the  organism 
from  soil  were  always  unsuccessful. 


PART  II. 

EXPERIMENTS  WITH  LARVJ3  OF  ALLORHINA  NITIDA, 

It  was  supposed  that  no  other  healthy  larvse  could  be  obtained  for  ex- 
perimentation but  happily  a  few  specimens  of  the  larvce  of  the  Southern 
U.  S.  June  beetle,  AUorhina  nitida,  which  are  different  genus  of  the  same 
family  as  Lachnostema,  were  obtained  (Feb.  1913)  through  the  kindness 
of  Dr.  Geo.  D.  Shafer  of  the  Entomological  Division  of  this  Station.  These 
particular  specimens  were  obtained  from  South  Carolina. 

PATHOGENICITY  TO  LARViE  OF  ALLORHINA  NITJDA, 

To  a  layman,  these  larvae  have  about  the  same  general  appearance  as  our 
common  white  grub,  differing  however  in  that  the  specimens  evidently  in 
the  last  period  of  the  larval  stage  are  much  larger  than  those  of  the  same 
stage  in  the  Lachnostema^  have  a  wedge-shaped,  light-brown  chitinous  plate 
on  either  side  of  the  prothorax  just  above  and  in  front  of  the  prothoracic 
spiracles,  crawl  upon  their  backs  instead  of  upon  their  venters,  and  have  very- 
much  shorter  and  weaker  legs  but  are  much  more  active. 

Disposition  was  made  of  the  larvae  as  follows:  One  was  placed  in  a  test 
tube  to  which  was  added  distilled  water,  and  sterilized  an  hour  in  flowing 
steam,  inoculated  with  the  micrococcus  and  bacillus  and  incubated  at  room 
temperature.  One  larva  was  placed  in  each  of  three  deep  culture  dishes 
of  sterile  soil  (sterilized  in  the  hot-air  oven  at  160-170°C.  for  one  hour)  to 
which  sterile  water  had  been  added. 
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Two  days  later  the  three  larv®  were  exammed  and  found  to  be  active  and 
healthy.  At  this  time,  a  broth  suspension  of  the  micrococcus  was  added 
to  one  dish,  of  the  gas-producing  bacillus  to  the  second  dish  and  a  mixed 
suspension  of  the  bsrcillus  and  the  micrococcus  to  the  third,  and  in  addition 
enough  water  to  saturate  the  soil  in  each. 

Twenty-foxir  hours  later,  the  first  larva  was  found  to  have  a  marked 
infection  on  the  chitinous  plates  on  either  side  of  the  prothorax.  The  larva 
seemed  to  be  less  active.  A  second  healthy  larva  was  placed  in  this  soil 
at  this  time. 

The  larva  in  the  soil  to  which  the  gas-producing  bacillus  had  been  added 
was  found  dead,  with  no  lesions. 

The  third  larva  was  left  in  uninoculated  soil  for  four  days.  Two  days 
after  inoculation  with  the  two  organisms,  the  larva  was  found  alive,  with  a 
line  of  infection  on  the  dorsal  side  of  the  last  abdominal  segment,  the  whole 
body  was  hard  and  the  larva  did  not  respond  when  irritated. 

Two  days  after  the  first  infection  was  noticed,  the  larva  first  placed  in  the 
soil  containing  the  micrococci,  was  found  to  be  infected  in  two  additional 
places,  near  spiracles,  and  the  healthy  larva  which  had  later  been  placed 
in  this  inoculated  soil  was  also  infected  in  one  place.  Twelve  days  after 
infection  was  noted  in  the  first  larva,  a  new  area  nearly  4  nun.  in  diameter 
near  a  spiracle  and  all  but  one  of  the  legs  was  foimd  infected.  The  larva 
seemed  to  be  dead  but  upon  washing  off  for  the  determination  of  additionally 
infected  areas  an  occasional  twitching  of  the  legs  was  apparent.  This  was 
still  noted  twenty-four  hours  later  but  the  larva  was  found  dead  within 
forty-eight  hours.  The  second  larva  in  this  same  container  was  found  to 
have  four  or  five  small  infections  on  the  posterior  of  the  abdomen  and  also 
on  the  tip  of  one  of  the  legs.  An  examination  of  the  larva  four  days  after 
being  placed  in  the  soil  with  the  mixed  culture  showed  the  right  front  leg 
off  at  the  last  joint  before  it  joins  the  body,  and  the  stump  was  character- 
istically black. 

Seven  days  later,  the  larva  was  active  but  several  very  small  infected  areas 
were  noted  on  both  dorsal  and  ventral  portions  of  the  body.  At  this  time 
the  larva  in  question  was  placed  in  the  soil  containing  the  pure  culture  of 
the  bacillus  to  see  if  the  course  of  the  disease  would  be  hastened.  Two  days 
later  the  larva  was  still  normally  active  so  the  soil  was  saturated  with  sterile 
water  and  reinfected  with  the  gas-producing  bacillus. 

Five  days  after  the  second  introduction  of  the  gas-producing  bacillus 
and  the  saturation  of  the  soil,  the  larva  was  re-examined  and  found  to  be  a 
little  less  active;  the  tip  of  all  three  left  legs  and  of  the  middle  right  one  were 
infected  but  the  excess  of  water  in  the  soil  had  apparently  had  no  marked  ef- 
fect. The  next  day,  however,  the  larva  was  found  dead,  twenty  days  after 
being  introduced  into  inoculated  soil. 

Individual  larvse  seem  to  vary  greatly  in  their  power  of  resistance  to  the 
micrococcus. 

Two  healthy  larvse  obtained  later  were  placed  in  soil  mixed  with  sphagnum. 
This  soil  was  made  up  of  a  mixture  of  soils  kept  in  the  laboratory  which  have 
been  in  a  perfectly  dry  state  for  several  years.  Sufl&cient  water  was  added 
and  the  soil  and  sphagnum  mixed  imtil  the  compound  was  of  the  plasticity 
of  ordinary  soil,  then  the  larvae  were  introduced.  No  especial  precautions 
were  used  to  prevent  the  entrance  of  microorganisms  other  than  the 
specific  micrococci. 

Twelve  days  after  being  placed  in  the  above  soil  mixture  an  examination  of 
the  larvae  was  made  and  both  showed  several  small  but  characteristic  lesions. 
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The  chances  for  artificial  infection  were  very  slight;  the  soil  may  have  con- 
tained the  organisms;  no  experiments  have  been  carried  on  to  ascertain 
the  eflfect  of  dessication  upon  the  vitality  of  the  micrococcus.  This  circum- 
stance seems  to  emphasize  the  pathogenicity  of  the  micrococcus  for  its 
host  or  perhaps  the  susceptibility  of  the  larv»  of  this  species  to  infection 
even  in  the  absence  of  abnormal  amounts  of  water  in  the  soil. 

Since  the  above  statement  was  made  a  consignment  of  six  dozen  larvse 
of  the  species  AUorhina  niiida  was  received  from  North  Carolina;  out  of 
this  number  only  three  showed  the  absence  of  infection  and  one  of  these 
three  was  dead.  This  may  explain  the  occurrence  of  infection  in  the  dried 
laboratory  soil;  the  organisms  may  have  been  previously  present  upon  or 
within  the  larv®. 

This  occurrence  seems  to  point  to  the  distribution  of  this  disease  over  a 
considerable  portion  of  the  United  States  and  within  quite  a  wide  range  of 
climate.  Specimens  sent  in  later  (See  p.  34)  seem  to  confirm  the  almost 
ubiquitous  presence  of  the  micrococcus  in  soil.  In  a  recent  communication 
from  Dr.  R.  H.  Van  Zwaluwenburg  (Jan.  30,  1914)  of  the  Porto  Rico  Agri- 
cultural Experiment  Station  at  Mayaguez,  he  states  that  ''As  far  as  I  know 
there  are  no  diseased  larvse  obtainable  on  the  island;  all  we  have  collected 
are  healthy."  However,  several  shipments  of  larvae  from  Porto  Rico  (March, 
1914)  have  shown  100  per  cent  infected,  more  or  less. 
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Micrococeu8  nigro/aeien»t 
nitida. 


Fig.  19. 

X  1000,  in  a  break  in  the  integument.    Eosin  +Oram  +KOH. 
Zeiss  Oc.  8.   Leiis  Apo.  Oil  immers.  2  mm.  Ap.  1.30. 


AUorhina 
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Fig.  20. 

Micrococcus  nigffacien;  X  1000,  in  a  hair  follicle.  Eosin+Gram+KOH. 

Oc.  4.   Leitz  Apo.  OU  immen.  2  mm.  Ap.  1.30. 


AUorhina  nilida.  Zeiss 
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Fig.  21. 

MicrocoecuM  niffrofacieru,  X  1000,  in  cells  intennediate  between  integument  and  intestinal  wall.  Eosin 
-{-Gram  +KOH.    AUorhina  nitida,   Zeiss  Oc.  4.   Leitz  Apo.  Oil  immers.  2  mm.  Ap.  1.30. 
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Fig.  22. 

Pigmented  cells,  X  1000.  in  tissues  underlying  the  integument.   Stained  with  eosin  alone.   Zeiss  Or. 
4.    Leitz  Apo.  Oil  immers.  2  mm.  Ap.  1.30.    These  cells  are  dark  brown  in  color,  not  taking  the 

stain. 
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MICROSCOPIC  EXAMINATION  OF  DISEASED  TISSUES  OF  A  LARVA  OF  ALLORHINA 

NTTIDA, 

Microtome  sections  were  made  of  the  diseased  portion  of  the  first  larva 
of  this  species  which  became  infected.  As  the  micrococcus  is  Gram-positive 
in  culture,  the  Gram-Weigert  method  of  staining  tissues  was  used,  counter- 
staining  with  eosin. 

As  before  mentioned  (p.  14)  the  micrococci  found  in  the  subnascent  lamina, 
and  the  surrounding  tissue  In  the  larva  of  Lachnoatema  were  a  dark  brown, 
almost  black  in  color,  the  density  of  the  color  in  the  tissue  diminishing  with 
the  distance  from  the  apparent  focus  of  infection.  This  diseased  portion 
in  all  instances  failed  to  stain;  the  dark  brown  color  is  due  to  a  pigment 
which  is  evidently  not  soluble  in  any  of  the  reagents  used  in  staining,  water, 
alcohol,  anilin  oil  or  xylol. 

The  only  well  known  distinctly  black  pigment  not  derived  from  hemaglobin 
(22)  (23)  (24)  produced  in  living  tissues  as  a  result  of  specific  cell  activity 
is  an  organic  substance  known  as  melanin,  which  is  the  cause  of  pigmenta- 
tion in  certain  types  of  tumors  and  other  pathological  conditions.  This 
metabolic  pigment  is  autochthonous  (25),  i.  e.,  found  in  the  cells  at  the  place 
of  formation.  Its  elementary  molecular  composition  according  to  Wells 
(26),  is  expressed  by  the  following  proportion,  N:H:0=1:5:5,  "probably 
being  not  a  single  substance  of  definite  composition  but  including  several 
related  but  different  bodies."  According  to  Scluniedeberg  this  pigment 
represents  the  final  product  of  a  long  series  of  metamorphoses  of  albumin  and 
in  its  formation  may  be  compared  to  the  development  of  humus.  It  is 
generally  rich  in  sulphur  in  proportion  to  its  carbon  content,  iron  is  often- 
times present  but  is  not  necessary  to  the  formation  of  color  (Ziegler). 

Folsom  (16)  says  that  little  is  known  as  to  the  caiise  of  the  production 
of  melanism  in  insects.  Warmth  is  believed  by  some  to  be  the  most  potent 
factor,  others  attribute  it  to  moisture. 

The  pigment  melanin  is  insoluble  in  water,  alcohol,  ether,  chloroform, 
carbon  bisulfid  and  weak  acids  but  is  quite  readily  dissolved  in  alkalies, 
strong  acids  or  boiling  alcohol,  accordingly  sections  of  the  larval  tissue  were 
passed  through  an  alcoholic  solution  of  KOH  before  staining  in  order  to 
remove  the  pigment  shoidd  it  be  melanotic  in  character. 

The  caustic  potash  dissolved  the  pigment  in  the  diseased  areas  allowing 
the  micrococci  and  tissues  surrounding  to  take  the  Gram-eosin  stain.  This 
method  was  checked  by  making  a  similar  stain  without  previously  passing 
the  sections  through  KOH;  the  diseased  areas  and  the  micrococci  showed 
the  characteristic  brownish  black  pigmentation. 

In  the  "Gram+eosin+KOH"  sections  from  the  larva  of  the  latter  species, 
AUorhina  niiiday  micrococci  staining  blue  were  foxmd  in  large  numbers 
scattered  through  the  inner  cell  structures,  occasionally  including  the  muscle 
fibers,  also  in  masses  in  the  hair  follicles  and  occasionally  in  the  outer  chitinous 
layer  of  the  integument  (See  Figs.  16,  16,  17). 

In  one  of  the  " Gram + eosin— KOH"  stained  sections,  occasional  clusters 
of  large,  light-brown  pigmented  cells  were  found.  (See  Fig.  18)  Nothing 
has  been  determined  as  to  their  nature. 

Eosin  was  used  alone  as  a  stain,  both  with  and  without  the  use  of  KOH. 
In  the  absence  of  KOH,  light  yellowish  to  brown  micrococci  were  found  in 
the  pigmented  tissues.  These  were  colorless  when  previously  treated  with 
KOH. 

These  results  seem  to  establish  this  pigment  as  melanotic  in  character. 
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Incision  experiments  with  the  larvse  of  AUorhina  nitida  have  resulted 
much  more  satisfactorily  than  with  those  of  Lachnosterna,  Results  seem  to 
lead  to  the  conclusion  that  infection  enters  through  some  mechanical  injury 
to  the  outer  covering  of  the  grub  though  attacks  of  other  insects,  or  insect- 
or  fungus-parasites.  It  is  known  that  these  larvse  attack  each  other,  especi- 
ally in  confined  spaces  (14)  and  in  this  way  infection  may  be  introduced  or 
spread.  Several  experiments  seem  to  indicate  that  if  such  injuries  are  allowed 
to  heal  before  the  grub  is  subjected  to  infection,  no  lesion  is  found. 

It  has  been  previously  mentioned  (p.  28)  that  a  consignment  of  six  dozen 
AUorhina  nitida  larvse  showed  only  four  per  cent  apparently  healthy  larvae. 
The  infection  of  the  larvse  remaining  was  but  slight  in  most  cases,  the  general 
lesions  being  not  more  than  1-2  mm.  in  diameter;  the  larvse  were  most  active. 

An  interesting  fact  and  one  worthy  of  note  was  observed;  after  these 
larva  had  been  left  in  soil  in  the  laboratory  for  a  month  or  so,  earthen  cells 
were  found  and  when  these  were  examined  after  a  period  of  three  months,  it 
was  found  that  a  large  percentage  of  these  laxvse  had  developed  into  beetles. 
This  corresponds  to  Krassilstschik's  observations:  "These  (referring  to 
the  black  spots)  do  not  hinder  the  larvse  from  being  in  the  best  state  of 
health,  from  being  transformed  into  a  chrysalid,  etc."  (translation) 

An  infected  larva  of  the  genus  Lachnostema  had  also  developed  into  a 
beetle. 

From  these  occurrences,  it  may  be  safely  concluded  that  infection  with 
this  micrococcus  is  not  necessarily  fatal  to  the  completion  of  the  life  cycle 
of  the  June  beetle  in  question.  In  addition,  this  fact  seems  to  pKoint 
strongly  to  the  previous  theory  that  the  association  of  the  two  organisms 
found  on  plates  made  from  badly  diseased  larvse,  is  pertinent  and  perhaps 
necessary  in  the  consideration  of  the  fatality  of  the  disease.  Further  studies 
are  being  made  to  determine  if  possible  the  pertinence  of  this  association 
of  the  gas-producing  bacillus  and  the  micrococcus. 

GEOGRAPHIC  DISTRIBUTION  OF  THE  MICROCOCCUS. 

Nearly  all  Lachnosterna  larvse  received  from  the  Southern  portion  of  the 
lower  peninsula  of  Michigan,  were  badly  diseased.    (Season  of  1912) 

AUorhina  nitida  larvse  received  the  spring  of  1913  from  North  Carolina 
showed  a  large  percentage  (96  per  cent)  of  diseased  specimens.  (Infection 
only  slight,  however). 

Lachnostema  larvse  received  during  the  fall  of  1913  from  Maryland,  Mich- 
igan and  Illinois  through  the  courtesy  of  John  J.  Davis,  liitomological 
Assistant  of  the  U.  S.  Dept.  of  Agriculture,  Lafayette,  Indiana,  almost 
without  exception  were  infected,  quite  extensively  in  many  cases. 

It  is  evident  that  this  organism  has  quite  a  wide  distribution  in  the  United 
States.  Krassilstschik's  observations  lead  to  the  conclusion  that  this 
micrococcus  is  found  in  Europe  (France)  also. 

One  himdred  per  cent  of  larvse  received  from  Porto  Rico  (March,  1914) 
were  more  or  less  infected. 

Since  this  paper  was  given  at  the  Michigan  Academy  of  Science  at  Ann 
Arbor  in  April,  1913,  requests  have  been  received  from  the  Porto  Rico  Ex- 
periment Station  at  Rio  Piedras  and  also  from  Mayaguez,  P.  R.  for  cultures 
of  the  micrococcus  with  an  idea  toward  using  this  as  a  mesms  of  combating 
the* species  of  white  grub  which  is  so  active  in  destroying  the  sugar  cane 
on  this  island.  No  definite  results  have  been  obtained  as  yet  from  the  use 
of  these  cultures. 
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SUMMARY  AND  CONCLUSIONS. 

The  June  beetle  larvse  or  "white  grubs"  were  prevalent  during  the  season 
of  1912. 

Their  occurrence  was  accompanied  by  the  appearance  of  a  bacterial  disease 
which  is  characterized  by  a  blackening  of  the  affected  parts.  The  organism 
rraponsible  for  the  infection  is  a  micrococcus  which  was  found  microscopi- 
cally in  smears  and  in  sections  from  diseased  tissue  and  microscopically 
in  fiJmost  pure  culture  on  agar  plates  made  from  a  diseased  portion  of  a  living 
grub.  It  is  frequently  accompanied  by  a  gas-producing  bacillus  from  which 
it  is  separated  with  diflScidty. 

The  micrococcus  exists  in  soil  and  is  present  in  many  soils  in  Michigan, 
Illinois,  Maryland,  North  Carolina  and  most  probably  in  other  states  and 
countries. 

This  microorganism  grows  well  on  ordinary  media,  but  much  better  on 
larva  media  (gelatin,  agar,  broth  and  larva  itself). 

It  stains  well  with  ordinary  aqueous-alcoholic  stains,  showing  clearly 
the  dividing  cells;  is  not  acid-fast  but  is  Gram-positive. 

The  disease  was  successfully  reproduced  in  a  healthy  larva  of  the  same 
species  by  placing  the  larvsL  in  artificially  infected  soil,  making  an  incision 
in  the  integument. 

Parasitic  insects  or  fungi,  or  the  larvfie  themselves  may  add  materially 
to  the  chance  of  infection  by  producing  a  predisposition  to  the  disease  through 
mere  mechanical  injury. 

The  characteristic  lesions  were  also  produced  in  several  healthy  specimens 
of  Allorhina  nitida  by  merely  placing  them  in  water-soaked,  sterilized  soil 
to  which  a  broth  suspension  of  the  micrococcus  had  been  added. 

Individual  larv»  of  one  genus  seem  to  vary  greatly  in  their  power  of 
resistance  to  the  micrococcus,  the  younger  seeming  to  be  the  more  suscepti- 
ble. Larvse  of  the  genus  La!chnosterna  seem  to  be  less  resistant  than  those 
of  the  genus  AUorhina. 

Stained  sections  made  from  the  diseased  portions  of  larvsB  demonstrate 
the  micrococci  unstained  but  dark  brown  in  color  imbedded  in  the  laminse 
(also  unstained  and  brownish  in  color)  of  the  integument.  Large  light- 
brown  pigmented  cells  also  are  found  within  the  body  cavity.    (See  Fig.  22.) 

This  brownish-black  color  is  due  to  a  pigment  presumably  melanotic  in 
character,  most  probably  directly  or  indirectly  produced  by  the  activity 
of  the  bacterial  cells  within  the  larval  tissue. 

This  micrococcus  was  found  to  be  pathogenic  to  the  cockroach  Periplaneta 
americana  also,  the  disease  pursuing  its  coiu^e  in  much  the  same  fashion 
as  in  the  white  grub,  the  infection  however  apparently  limiting  itself  to  the 


It  cannot  be  definitely  stated  whether  the  micrococcus  is  pathogenic  to 
angleworms. 

Several  unsuccessful  attempts  were  made  in  isolating  the  micrococcus 
from  naturally  infected  soil. 

Excessively  wet  soil  favors  the  progress  of  the  disease.  In  fact  this  factor 
may  be  considered  as  probably  the  most  important  one  concerned  in  the 
fatality  of  the  infection. 

Other  organisms  existent  in  the  soil  may  cause  an  infection  of  the  larvse; 
a  gas-producing  bacillus  (B.  septicus  insectorum  t  14)  found  on  the  plate 
cultures  seems  to  add  materially  to  the  fatality  of  the  disease  imder  certain 
conditions;  this  bacillus  may  be  the  primary  invading  organism. 
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The  micrococcus  did  not  lose  its  pathogenicity  after  existing  over  a  year 
under  artificial  cultivation. 

It  has  not  been  possible  as  yet  to  try  out  this  organism  as  a  remedial 
measure  for  the  destruction  of  the  white  grub.  This  effort  will  be  made, 
however,  at  the  earliest  opportunity.  The  Porto  Rico  Experiment  Station 
is  taking  up  this  matter  in  behalf  of  the  sugar  cane  industry,  cultures  having 
been  sent  to  Rio  Redras  and  Mayaguez  for  this  purpose. 

It  seems  from  the  definite  results  obtained  by  inoculating  and  saturating 
soil  that  this  micrococcus  may  have  a  future  field  of  usefulness  in  combating 
the  white  grub  problem,  eapeciaUy  in  coaperalion  with  other  parasitic  diseases 
to  which  the  larvce  are  subject. 

Again,  this  micrococcus  having  the  power  of  infecting  larvae  of  another 
genus  {AUorhina  nitida)  and  also  insects  in  the  adult  form  {Periplaneta 
americana)  seems  to  suggest  even  wider  possibilities,  foremost  of  which  is 
the  control  of  other  insect  larva  pests  which  work  in  the  soil. 

Many  thanks  are  due  Prof.  R.  H.  Pettit  and  Dr.  G.  D.  Shafer  for  giving 
access  to  the  available  literature  and  for  may  valuable  suggestions.  I  am 
likewise  very  much  indebted  to  the  latter  for  furnishing  species  of  the  Southern 
U.  S.  June  beetle. 

Mr.  John  J.  Davis,  with  the  Government  Bureau  of  Entomology  has 
also  kindly  furnished  Lachnostema  larvsB  for  investigation. 
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SOIL  ACIDITY. 


BY  J.  E.  HARRIS. 


INTRODUCTORY  AND  HISTORICAL. 

The  problem  of  soil  acidity  has  for  a  great  many  years  been  a  serious 
one  with  the  farmers  of  the  eastern  and  middle  western  states,  and  is 
becoming  more  serious  as  the  years  go  by.  As  the  soil  continues  under 
cultivation,  larger  and  larger  areas  are  found  to  be  sour  or  acid  in 
character.  When  these  soils  are  tested  with  blue  litmus  paper  they  very 
quickly  turn  it  red.  The  peculiar  thing  about  this  reaction  is  that  the 
test  paper  must  be  brought  in  direct  contact  with  the  soil  particles 
for  the  change  in  color  to  take  place.  When  the  clear  water  solution 
of  an  acid  soil  is  tested  with  litmus  paper,  it  is  usually  found  to  be 
neutral.  The  soil  on  the  other  hand  still  gives  the  acid  reaction.  What- 
ever gives  the  acid  reaction  is,  therefore,  insoluble  in  water. 

These  soils  possess  another  peculiar  property.  As  already  mentioned, 
if  an  acid  soil  be  shaken  with  water,  the  solution  obtained  is  neutral ; 
but  if  we  substitute,  for  the  water,  a  solution  of  a  neutral  salt,  such  as 
potassium  nitrate,  a  considerable  quantity  of  free  acid  will  be  found  in 
the  resulting  solution. 

These  phenomena  have  usually  been  explained  on  the  ground  that 
the  soil  contains  complex  organic  acids,  which  are  insoluble  in  water, 
making  it  necessary  that  the  paper  come  in  direct  contact  with  them 
before  the  reaction  can  take  place.  In  the  case  of  the  neutral  salt  a 
double  decomposition  is  supposed  to  take  place  between  the  insoluble 
acid  and  salt,  the  base  of  the  salt  combining  with  the  humic  acid  and 
the  acid  of  the  salt  being  set  free. 

It  is  a  familiar  fact  that  soils  which  show  the  above  properties  are 
not  generally  productive.  The  remedy  for  acidity  in  soils  is  well 
known.  If  the  soil  be  treated  with  some  form  of  lime,  it  is  found  to  re- 
cover its  productiveness  provided  other  conditions  are  favorable.  Most 
of  the  investigations  of  acid  soils  of  late  years  bave  been  directed  to- 
ward developing  methods  for  determining  the  degree  of  acidity  or  as 
it  is  sometimes  called  the  "lime  requirement."  Many  methods  have  been 
worked  out  but  all  are  more  or  less  unsatisfactory.  Some  of  the  more 
important  methods  will  be  briefly  described. 

Tacke^  proposed  treating  the  soil  with  calcium  carbonate  in  an  atmos- 
phere of  hydrogen  and  determining  the  amount  of  carbon  dioxide 
evolved.  The  amount  of  lime  equivalent  to  the  liberated  carbon  dioxide 
represents  the  lime  requireinent.   Stlchting^  modified  Tacke's  method  as 

K^hemiker  Zeitung.  1897.  21.  p.  17 
*Mtadir.  Angew.  Chem.,  1908,  p. 


Digitized  by 


Google 


4 


EXPERIMENT  STATION  BULLETIN. 


follows:  Ten  to  fifty  grams  of  soil  are  mixed  with  water  and  about 
0.4  gram  of  calcium  carbonate  (accurately  weighed)  added.  The  car- 
bon dioxide  liberated  by  the  reaction  is  removed  by  a  stream  of  hydro- 
gen. Hydrochloric  acid  is  then  added  and  the  additional  carbon  dioxide 
evolved  is  collected  and  titrated.  The  difference  between  the  carbon 
dioxide  liberated  and  the  amount  theoretically  possible  from  the  weight  j 
of  calcium  carbonate  used,  represents  the  degree  of  acidity  of  the  soil. 

Hollemann^  determined  the  lime  requirement  by  treating  the  soil  with 
water  charged  with  carbon  dioxide,  to  dissolve  the  lime.  If  the  amount 
thus  obtained  fell  below  a  certain  percentage,  the  application  of  lime 
was  recommended. 

Muntz^  proposed  shaking  the  soil  with  ammonium  hydroxide  and  the 
need  of  lime  was  indicated  by  the  color  of  the  resulting  solution. 

Wheeler,  Hart  well,  and  Sargenf*  proposed  treating  fifteen  grams  of 
the  soil  with  100  cc.  of  N/10  ammonium  hydroxide  and  100  cc.  of  dis- 
tilled water.  After  allowing  the  mixture  to  stand  for  forty-two  hours 
a  test  portion  is  drawn  off  and  titrated  with  a  definite  amount  of  hydro- 
chloric acid.  After  filtering  off  the  precipitated  humus,  the  solution  is 
titrated  back  with  ammonium  hydroxide  using  coralline  as  an  indica- 
tor. This  gives  the  amount  of  ammonia  taken  up  by  the  soil  and  there- 
fore the  acidity  of  the  soil  in  terms  of  N/10  acid. 

Veitch*  treated  samples  of  the  soil  with  varying  amounts  of  lime 
water  to  determine  the  amount  just  necessary  to  neutralize  the  acidity 
of  the  soil  and  leave  it  slightly  alkaline.  I 

Hopkins,  Petit,  and  Knox''  recommend  shaking  100  grains  of  soil  with 
250  cc.  of  normal  potassium  nitrate  solution,  for  three  hours.  After 
allowing  the  soil  to  settle,  125  cc.  of  the  solution  are  drawn  off  and 
titrated  with  a  standard  sodium  hydroxide  solution.  This  treatment  is 
repeated  as  long  as  the  solutions  are  acid.  The  sum  of  the  titrations 
gives  a  measure  of  the  acidity  of  the  soil. 

Ramann^  proposed  a  method  similar  to  the  above  in  which  he  used 
sodium  acetate  instead  of  potassium  nitrate. 

Albert^  boils  from  20  to  50  grams  of  soil  with  a  known  amount  of 
lime  and  an  excess  of  an  ammonium  salt.  The  ammonia  liberated  by 
the  reaction  is  determined  by  collecting  in  a  standard  acid  solution. 
The  difference  between  the  amount  of  ammonia  liberated  in  this  way 
and  that  theoretically  possible  represents  the  acidity  of  the  soil. 

Gregoire^  makes  use  of  KjeldahPs  reagent.  This  reagent  consists  of 
55.3  grams  of  potassium  iodide,  99.2  grams  of  sodium  thiosulphate  and 
14.3  grams  of  potassium  iodate  per  liter.  A  solution  containing  17 
grams  of  iodine  and  25  grams  of  potassium  iodide  is  used  to  titrate 
back  the  excess  of  sodium  thiosulphate  in  the  first  solution.  The  soil 
is  treated  with  KjeldahPs  reagent  and  the  amount  of  iodine  liberated 
furnishes  a  measure  of  the  acidity  of  the  soil.  The  iodine  of  course  | 
reacts  with  the  sodium  thiosulphate  in  the  first  solution  and  the  amount 
of  thiosulphate  left  is  determined  by  titration  with  the  second  reagent. 

iLandw.  Versuchsstationen  1892,  41,  p.  38. 
^Encyclopedie  Chemique,  4,  pt  4,  p.  18. 
'Bulletin  62,  Rhode  Island  Station. 
<Jour.  Amer.  Chem.  Soc..  1902.  24,  p.  1120. 
•Bulletin  73,  U.  B.  Bureau  of  Chem. 
•Bodenkunde,  J.  Springer,  Berlin. 
^Zelt.  Angew.  Chem.  1909  22  p  633. 

•BiU.  Soc.  Chem.  Belg.  1912.  26,  p  336-342,  362-375,  and  386-409. 
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This  method  has  an  advantage  over  some  of  the  other  methods  because 
it  provides  for  the  removal  of  the  soluble  acid  as  fast  as  it  is  formed, 
thus  causing  the  reaction  to  go  to  completion.  There  is  also  a  dis- 
advantage in  the  use  of  Kjeldahl's  reagent,  because  as  the  author  points 
out  in  his  article,  other  substances  besides  acids  have  the  property  of 
liberating  iodine  from  the  solution,  as,  for  example,  aluminum  and 
ferrous  sulphates.  With  this  reagent,  alkaline  and  neutral  soils  some- 
times give  an  acid  reaction. 

Lipman^  suggests  a  bacteriological  method  for  the  determination  of 
soil  acidity.  This  method  is  based  on  tJie  fact  that  organisms  of  a 
certain  type  will  not  grow  in  bouillon  in  which  the  acidity  exceeds  2%. 
The  addition  of  the  soil  to  be  tested  to  a  neutral  medium  will  retard 
the  growth  of  such  organisms  in  direct  proportion  to  its  acidity. 

In  addition  to  the  work  that  has  been  done  on  determining  the  de- 
gree of  soil  acidity,  many  investigations  have  been  undertaken  to  de- 
termine the  relation  of  soil  acidity  to  the  quantity  of  available  phos- 
phorus in  the  soil.  As  the  result  of  the  work  of  Wheeler,^  Thome,* 
Whitson*  and  Stoddart,*^  it  has  been  shown  that  the  content  of  this 
element  is  generally  low  in  acid  soils  and  largely  unavailable  for 
nse  by  plants.  Stoddart  explains  this  by  saying  that  acid  soils  convert 
any  calcium  phosphate  that  may  be  present  into  soluble  compounds 
which  are  either  washed  out  or  are  fixed  in  an  insoluble  form  by  the 
formation  of  iron  and  aluminum  phosphates. 

Until  comparatively  recently  it  has  been  the  generally  accepted 
theory  that  soils  become  acid  through  the  accumulation  of  complex,  in- 
soluble organic  acids.  This  theory  had  its  beginning  in  1826  when 
Sprengel,'  by  treating  a  soil  with  ammonium  hydroxide  and  afterward 
neutralizing  the  solution  with  hydrochloric  acid,  found  that  a  brown 
precipitate  separated  out  to  which  he  gave  the  name  humic  acid.  The 
reactions  of  this  substance  toward  other  acids  and  various  mineral  salts 
were  studied.  In  1839  Berzelius^  obtained  two  substances  by  treating 
a  soil  with  an  acid,  one  being  soluble  and  the  other  insoluble  in  alkali. 
The  first  of  these  he  considered  identical  with  Sprengel's  humic  acid. 
To  the  second  he  gave  the  name,  humin.  Berzelius  also  showed  that 
these  two  substances  were  similar  to  those  obtained  by  Malaguti*  by 
heating  cane  sugar  in  an  open  vessel  with  a  solution  consisting  of  one 
part  of  sulphuric  acid  and  thirty  parts  of  water,  which,  upon  being 
analyzed  gave  an  empirical  formula  of  CjHjO.  This  agreed  with 
8prengePs  analysis  of  humic  acid  as  far  as  the  carbon  was  concerned 
but  was  higher  in  oxygen  and  lower  in  hydrogen.  Berzelius  ascribed 
this  lack  of  agreement  to  inaccuracies  in  analysis.  Berzelius  also  dis- 
covered two  other  acids,  crenic  and  apocrenic  acids,  which  were  found 
in  certain  iron-bearing  mineral  waters  and  were  very  similar  in  proper- 
ties and  composition  to  humic  acid. 

Mulder®  found  a  fourth  acid  which  he  called  ulmic  acid.  This  differed 


'Proc.  A.  O.  A.  C.  1911.  Bureau  of  Chem.  BuUetln  152. 

*R.  I.  SUtion  Report  1900.  pp  293-327. 

•Ohio  Exp.  Station  BuUetin  No.  159. 

•Jour.  Amer.  Chem.  Soc.,  29,  1907,  p  757. 

*Jour.  Ind.  and  Eng.  Chem..  1,  1909,  p  69. 

*ArchiT.  fur  die  Gesamte  Naturlehre.  1826,  8.  p  145. 

l^rbuch  der  Chemie.  3,  AuflMe.  8,  p  389. 

■Annalen  der  Phar..  1836,  7,  p  52. 

•Jour,  fur  Prok.  Chem..  1840.  21,  p  203. 
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from  the  humic  acid  only  in  chemical  composition,  containing  less  car- 
bon and  more  water.  Corresponding  to  the  humin  of  the  humic  acid, 
he  discovered  ulmin  which  like  humin  was  insoluble  in  alkalies.  He 
also  obtained  substances  from  sugar  which  he  identified  as  ulmic  acid 
and  ulmin.  These  two  substances  could  be  changed  by  boiling  into 
humic  acid  and  humin.  Sestini^  found  still  another  pair  of  substances 
which  he  called  sacculmic  acid  and  sacculmin. 

Chemical  formulae  were  worked  out  for  all  the  above  substances, 
though  a  great  deal  of  variation  was  found  in  their  composition,  especi- 
ally between  those  compounds  obtained  from  sugar  on  the  one  hand 
and  from  soil  on  the  other.  For  example,  the  substances  obtained  from 
soil  contained  nitrogen,  silicic  acid,  phosphorus  and  other  mineral  con- 
stituents which  were  absent  in  the  products  obtained  from  sugar.  It 
was  at  first  supposed  that  these  discrepancies  were  due  to  impurities 
which  it  was  impossible  to  get  rid  of  in  the  products  obtained  from  the 
soiL  However,  in  time,  these  variations  caused  chemists  to  wonder 
whether  the  differences  were  due  simply  to  impurities  or  to  an  actual 
difference  in  the  compounds  themselves.  Eggertzi*  analyzed  several 
samples  of  humic  acid  obtained  from  soils  and  found  that  the  carbon 
varied  from  40.86%  to  56.18%,  hydrogen  from  4.33%  to  6.63%,  phos- 
phorus from  0.15%  to  7.58%  and  so  on  for  the  several  other  constitu- 
ents. As  a  result  of  these  analyses  many  people  became  skeptical  of 
the  existence  of  any  definite  compounds  of  the  nature  of  humic  acid. 
Van  Bemmelen'  made  the  statement  in  1888  that  humus  substances  are 
not  definite  compounds  at  all  and  that  the  chemical  formulae  for  humic 
acid,  humin,  ulmic  acid,  ulmin,  etc.,  have  no  value  whatever.  He  main- 
tained that  the  humus  substances  are  colloidal  in  nature  and  that  the 
so-called  humates  are  adsorption  compounds. 

The  work  of  Eggertz,  Van  Bemmelen  and  others  has  caused  chemists 
to  seek  a  new  theory  for  the  explanation  of  the  peculiar  behavior  of 
acid  soils  toward  litmus  and  toward  salt  solutions.  Linder  and  Picton* 
and  later  Whitney  and  Ober*^  have  shown  that  when  arsenic  trisulphide 
in  colloidal  solution  is  precipitated  by  a  solution  of  barium  chloride, 
the  precipitation  is  accompanied  by  the  adsorption  of  a  slight  amount 
of  barium  and  the  setting  free  of  a  corresponding  amount  of  hydro- 
chloric acid.  Cameron'  has  pointed  out  that  certain  substances  have 
a  selective  adsorbing  power.  For  example,  metallic  silver  can  be  sepa- 
rated from  a  solution  of  silver  nitrate  by  the  selective  adsorbing  power 
of  charcoal.  Blue  litmus  will  turn  red  if  left  in  contact  for  a  short 
time  with  moist,  acid-free  cotton.  This  phenomenon  can  be  explained 
by  ascribing  to  the  cotton  a  selective  adsorbing  power  for  the  base  of 
the  blue  litmus  salt,  the  base  being  adsorbed  while  the  red  acid  dye  re- 
mains on  the  paper.  The  action  of  acid  soil  toward  litmus  may  be  ex- 
plained in  exactly  the  same  way*  Also,  in  the  action  of  the  soil  toward 
salt  solutions,  we  may  assume  that  the  soil  adsorbs  the  base  in  the  same 
way  that  the  arsenic  trisulphide  adsorbs  the  barium  in  Under  and 

iDie  Laadwirt.  Versuchastationen,  1881,  26,  p  285. 

•Bledennann'B  Zenf  ftir  Agr.  Chemle,  1888,  18,  p  76. 

•Die  Landwirt.  Versuchsatationen,  1888,  86.  p  113. 

iTour.  Chem.  Soc.,  1895,  67,  p  63. 

Mour.  Amer.  Chem.  Soc.,  1901,  23,  d  842. 

•The  Soil  Solution,  p  66,  Chemical  Publishing  Co 
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Picton's  experiment,  leaving  a  corresponding  amount  of  acid  in  solu- 
tion. If  an  acid  soil,  for  example,  were  treated  with  a  solution  of 
sodium  chloride,  it  would  adsorb  a  certain  amount  of  sodium  hydroxide 
leaving  hjdrocholoric  acid  in  solution.  The  fact  that  there  is  so  much 
colloidal  matter  in  the  soil  makes  this  theory  seem  the  more  reasonable 
since,  as  mentioned  above,  Linder  and  Picton  have  shown  that  the  co- 
agulation of  a  negatively  charged  colloid  by  a  salt  is  accompanied  by 
the  adsorption  of  the  n^atively  charged  ion.  Goehn^  has  come  to  the 
conclusion  that  those  colloids  which  have  a  lower  dielectric  constant 
than  water  will  be  charged  negatively,  while  those  having  a  higher 
dielectric  constant  will  be  charged  positively.  Since,  in  general,  solids 
have  a  lower  dielectric  constant  than  water,  suspension  colloids,  such 
as  we  have  in  soils,  would  adsorb  the  base  when  coagulated  by  a  salt 
solution.   This  agrees  with  the  facts  set  forth  above. 

In  support  of  the  adsorption  theory  as  an  explanation  of  soil  acidity, 
Banmann  and  GuUy,^  in  1910,  published  the  results  of  some  experi- 
ments from  which  they  conclude  that  the  acid  reaction  of  peat  moss  and 
of  peat  soils  in  general  is  caused  by  the  colloidal  matter  in  the  cover- 
ings of  the  hyalin  sphagnum  cells.  Tacke  and  Stichting,'  on  the  other 
hand,  maintain  that  acid  soils  produce  certain  reactions  which  can  only 
be  explained  by  the  presence  of  a  true  acid,  such  as  would  be  produced 
by  the  inversion  of  sugar  and  the  liberation  of  hydrogen  when  brought 
in  contact  with  iron.  In  a  reply  to  this  criticism.  Gully*  asserts  that 
all  the  reactions  mentioned  by  Tacke  and  Sttchting  can  be  produced 
without  the  presence  of  a  true  acid. 

BXPEEIMENTAL 

The  acid  reaction  of  the  sand  and  clay  soils  of  this  country  can  hardly 
be  ascribed  to  the  presence  of  these  hyalin  cells  and  the  experiments 
described  in  this  paper  were  undertaken  to  determine,  if  possible, 
whether  this  acid  reaction  of  upland  soils  is  caused  by  the  presence  of 
humic  acids  or  by  adsorption  of  the  bases  by  the  colloidal  matter 
present. 

Experiment  I.  In  Bulletin  107  of  the  Department  of  Agriculture,* 
a  provisional  method  is  given  for  the  quantitative  determination  of 
acidity  in  soils.  This  method  is  based  on  the  theory  that  when  a  soil 
is  shaken  with  a  neutral  salt  solution,  the  difiQcultly  soluble  humic  acids 
enter  into  a  double  decomposition  with  the  salt,  setting  free  a  soluble 
acid.  The  soil  is  shaken  with  one  portion  of  salt  solution  after  another 
until  it  no  longer  gives  an  acid  solution.  The  soil  is  then  found  to  be 
neutral  to  litmus  and  the  total  amount  of  acid  set  free  is  taken  as  a 
measure  of  the  acidity  of  the  soil.  If  the  hypothesis  upon  which  this 
theory  is  based  furnishes  the  correct  explanation  for  the  action  of  the 
soil,  then  the  total  amount  of  acid  liberated  would  be  the  same  no 
matter  what  salt' solution  is  used.  On  the  other  hand,  if  the  action  is 
due  to  selective  adsorption  on  the  part  of  the  soil,  we  would  expect  the 

xWied.  Ann.  1808,  64.  p  217. 

sMitteUung  der  K.  Bayr.  Idoorkulturanstalt,  1910,  p  31-156. 
«Landw.  Jahrbucher.  1911,  41,  p  717-764. 
<MUteitune  der  K.  Bayr.  Moorkulturanfitalt,  1913,  p  85. 
•Loc.  CitT 
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amount  of  adsorption  to  depend  more  or  less  on  the  salt  used,  since 
colloidal  substances  adsorb  more  of  some  bases  than  of  others.  To 
determine  whether  or  not  the  same  amount  of  acid  is  set  free  when 
different  salt  solutions  are  used,  samples  of  an  acid  soil  were  treated 
with  solutions  of  potassium  nitrate,  sodium  acetate,  and  sodium  chlo- 
ride. The  method  of  procedure  was  as  follows:  Two  hundred  and 
fifty  cubic  centimeters  of  the  normal  salt  solution  were  added  to  100 
grams  of  soil  and  the  whole  allowed  to  stand  with  frequent  shaking 
from  two  to  three  hours.  The  mixture  was  then  centrifuged  and  100  cc. 
of  the  clear  solution  drawn  off  and  titrated  with  N/50  alkali  from 
which  the  amount  of  alkali  required  to  neutralize  the  total  amount  of 
solution  was  computed.  The  remainder  of  the  solution  was  poured  off 
from  the  soil  and  the  treatment  repeated  until  no  more  acid  was  liber- 
ated and  the  soil  was  no  longer  acid  to  litmus.  The  results  as  given  in 
the  following  table  show  the  amount  of  N/50  sodium  hydroxide  re- 
quired to  neutralize  the  acid  liberated  by  each  treatment  of  the  soil 
with  the  neutral  salts. 


TABLE  I. 


Number  of  treatment. 

KNOi. 

NaCtHsOt. 

NaCL 

C.C. 

cc. 

cc. 

1 



41.0 

98.0 

27.3 

2  

8.7 

32.1 

9.3 

3  

5.4 

23.2 

6.4 



3.7 

17.2 

3.9 

3.2 

14.5 

3.3 

2.8 

13.0 

2.6 

2.2 

12.0 

2.2 

1.9 

11.3 

1.8 

:::::::::::::::::::::::::::::::::::::: 

1.6 

11.0 

1.8 

10 

1.3 

10.7 

1.6 

71.8 

243.0 

60.2 

It  is  seen  from  the  table  that  the  greatest  amount  of  acid  is  set  free 
in  the  sodium  acetate  solution,  the  potassium  nitrate  coming  next  and 
the  sodium  chloride  last.  A  large  part  of  the  variations  observed  is 
no  doubt  due  to  the  difference  in  the  strength  of  the  acid  set  free,  a 
much  greater  quantity  of  the  weak  acetic  acid  being  set  free  than  of  the 
hydrochloric  or  nitric  acids.  We  would  expect  some  such  variation  as 
this  whether  the  acid  is  set  free  through  a  double  decomposition  or 
through  the  adsorption  of  the  base  by  the  colloidal  matter.  However, 
if  the  acid  is  set  free  through  a  double  decomposition,  the  amount 
should  approach  the  same  limit  in  every  case,  this  limit  corresponding 
to  the  amount  of  humic  acid  originally  present  in  the  soil.  This,  how- 
ever, is  not  the  case.  Not  only  is  a  much  greater  amount  of  acid  set 
free  in  the  sodium  acetate  solution  than  in  the  potassium  nitrate  solu- 
tion, but  the  ratio  of  the  number  of  cubic  centimeters  set  free  in  the 
former  case  to  that  in  the  latter  becomes  greater  with  each  successive 
application.  Thus  we  see  that  the  ratio  of  the  acid  set  free  in  the  first 
application  of  sodium  acetate  to  the  corresponding  number  for  the 
potassium  nitrate  solution  is  2.39,  while  the  ratio  of  the  totals  in  the 
two  cases  is  3.38.  The  ratio  in  the  case  of  the  last  application  is  8.2. 
These  values  indicate  that  not  only  do  we  not  get  the  sap^e  amount  of 
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acid  liberated  in  the  salt  solutions,  but  that  the  difference  in  amounts 
becomes  greater  with  each  succeeding  application  of  salt  solution. 
Thus,  we  find  that  the  fa<!ts  do  not  coincide  with  the  humic  acid  theory 
but  do  satisfy  the  conditions  for  selective  adsorption.  The  above  re- 
sults also  indicate  that  those  methods  for  the  quantitative  determin- 
ation of  the  acidity  of  the  soil  which  depend  upon  the  treatment  of  the 
soil  with  a  neutral  salt  solution  are  of  little  value,  unless  the  same 
reagent  is  used  in  the  determination  as  is  actually  made  use  of  in  the 
field  for  correcting  the  acidity.  The  methods  of  Veitch  and  Siichting^ 
should  come  closest  .to  giving  the  true  lime  requirement  of  the  soil, 
since  the  former  employs  lime  water  and  the  latter  calcium  carbonate  as 
the*  reagent  in  the  determination. 

Experiments  similar  to  those  above  were  performed  with  other  soils 
and  always  with  the  same  result:  the  greatest  amount  of  acid  being 
set  free  in  the  sodium  acetate  solution,  a  very  much  smaller  quantity 
in  the  potassium  nitrate  solution,  and  least  of  all  in  the  sodium  chlo- 
ride solution. 

Assuming  for  the  time  being  that  we  do  have  selective  adsorption  on 
the  part  of  the  acid  soils,  how  are  we  to  explain  the  fact  that  all  soils 
are  not  acid  since  all  contain  colloidal  matter?  Also  why  is  it  that* 
soils  which  were  originally  alkaline  or  neutral  come  in  time,  after  long 
cultivation  to  show  acid  properties?  These  questions  may  be  easily 
answered  in  the  light  of  the  selective  adsorption  theory. 

We  may  assume  that  in  soils  containing  an  excess  of  basic  material, 
the  colloidal  matter  will  exist  in  a  flocculated  condition.  Under  con- 
ditions which  favor  a  more  or  less  rapid  decomposition  of  the  soil  or- 
ganic matter,  certain  acids  will  be  formed,  some  of  which,  at  least,  will 
combine  with  the  basic  material  (calcium  carbonate)  to  form  soluble 
salts  and  be  eliminated  from  the  soil  through  the  drainage  system.  In 
addition  some  of  the  basic  material  will  be  removed  by  the  crops  and 
under  the  action  of  these  two  agencies  the  soil  will,  after  a  time,  become 
deficient  in  basic  material.  The  colloidal  matter  will  become  defloccu- 
lated  and  the  soil  will  then  adsorb  the  base  from  any  neutral  salt.  If 
this  be  the  manner  in  which  soils  become  acid,  it  is  probable  that  all 
the  bases  are  not  removed  by  the  above  process.  The  soil  must  obvi- 
ously be  able  to  retain  some  of  the  basic  matter  in  the  presence  of  very 
dilute  acids,  for,  otherwise,  the  soil  could  not  adsorb  the  base  from  a 
neutral  salt  and  hbld  it  in  the  presence  of  the  acid  thus  set  free.  This 
being  the  case,  it  would  seem  probable  that  the  acidity  of  a  soil  might 
be  increased  by  treating  it  with  a  dilute  acid  to  remove  more  of 
the  basic  material  and  then  washing  out  the  excess  of  acid  with  water. 

Experiment  II.  One  hundred  grams  of  an  acid  soil  were  treated 
with  N/20  sulphuric  acid  and  allowed  to  stand  about  24  hours,  after 
which  it  was  thrown  onto  a  porcelain  filter  and  washed  until  free  from 
acid.  For  comparison,  kaolin  and  finely  ground  quartz  sand  were 
treated  in  a  similar  manner.  Each  sample  was  shaken  with  250  cc.  of  a 
normal  solution  of  potassium  nitrate,  and  100  cc.  portions  were  drawn 
ofiP  and  titrated.  Checks  were  run  on  the  untreated  samples  in  every 
case.  The  following  table  shows  the  amounts  of  N/50  sodium  hydroxide 
required  to  neutralize  the  acid  set  free  in  each  100  cc.  portion. 
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TABLE  II. 


KNOi. 


SoU  untreated  

Sou  treated  with  N/20  H1SO4. . . 

Kaolin  untreated  

KaoUn  treated  with  N/20  HsSOi 

Band  untreated  

Sand  treated  with  N/20  HSOa.  . 


1.0 
9.1 
0.0 
7.4 
0.0 
0.0 


It  will  be  seen  that  the  acid  reaction  of  the  soil  was  very  much  in- 
creased by  the  treatment.  The  kaolin  in  its  original  state  was  perfectly 
neutral  to  litmus  paper  and  neutral  salt  solutions  but  after  the  treat- 
ment with  acid  and  its  subsequent  removal  by  washing  with  water,  it 
was  found  to  act  similar  in  every  respect  to  acid  soils.  It  reddened 
blue  litmus  paper  and  when  shaken  with  a  solution  of  potassium  ni- 
trate, appreciable  quantities  of  acid  were  set  free  as  is  shown  in  the 
above  table.  The  finely  divided  sand  gives  no  appreciable  effect  either 
before  or  after  the  treatment  with  acid. 

Experiment  III.  To  determine  the  effect  of  different  acids  on  the 
soil  and  kaolin,  several  hundred  grams  of  each  of  these  substances  were 
treated  with  solutions  of  N/20,  HCl,  H2SO4,  HCjHjOa,  and  HoC.O^. 
After  standing  several  hours  the  solutions  were  filtered  off  and  the 
soils  thoroughly  washed  with  water  until  neutral  and  then  dried. 

Three  100  gram  portions  of  each  of  the  samples  were  prepared,  one 
being  treated  with  a  normal  solution  of  potassium  nitrate,  another  with 
a  normal  solution  of  sodium  acetate,  and  the  third'  with  a  normal  solu- 
tion of  sodium  chloride.  The  results  of  this  experiment,  given  in  Table 
III,  represent  the  amount  of  N/50  sodium  hydroxide  required  to  neu- 
tralize the  acid  set  free  in  100  cc.  of  solution. 


TABLE  III. 


KNO.. 


NaCsHiOa. 


NaCl, 


Soil  untreated  

Soil  treated  with  N/20  HsSOi  

Soil  treated  with  N/20  HCl  

Sou  treated  with  N/20  HtCsOi  

Soil  treated  with  N/20  HCsHiOs. . . . 

Kaolin  untreated  

Kaolin  treated  with  N/20  HtS04. .  . 

Kaolin  treated  with  N/20  HCl  

KaoUn  treated  with  N/20  HjCtOi. . . 
Kaolin  treated  with  N/20  HC»H,0,. 


cc. 
9.5 
19.0 
18.0 
15.0 
14.6 
0.0 
7.5 
6.6 
4.1 
5.5 


It  will  be  noticed  from  the  above  table  that  the  effect  of  the  acid  in 
each  case  is  to  largely  increase  the  adsorptive  power  of  both  the  soil 
and  kaolin,  as  was  true  in  the  preceding  experiment.  The  amount  of 
increase  seems  to  be  of  about  the  same  degree  of  magnitude  with  the 
different  acids,  although  the  two  weaker  acids,  oxalic  and  acetic,  give 
somewhat  less  effects  than  hydrochloric  and  sulphuric  acids.  It  will 
also  be  seen  that  the  three  salt  solutions  stand  in  the  same  order  with 
respect  to  the  amount  of  acid  set  free  in  every  case  except  with  the 
untreated  kaolin  where  there  was  ho  acid  liberated  by  either  of  the  salt 
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solutions.  This  would  indicate  that  the  same  cause  is  operating  in  the 
three  cases  to  liberate  acid.  It  is  impossible  to  suppose  that  we  have 
any  humic  acid,  or  for  that  matter  any  other  true  acid,  in  the  case  of 
the  kaolin,  and  since  the  soil  acts  in  every  way  like  the  kaolin,  it  is 
fair  to  assume  that  the  cause  of  the  action  toward  litmus  and  toward 
neutral  salt  solutions  is  similar  in  the  two  cases  and  is  not  due  to  the 
presence  of  humic  acids. 

There  is  another  possible  explanation  for  the  action  of  the  soil  and 
kaolin  when  treated  with  an  acid  and  then  with  a  neutral  salt  solution. 

It  is  possible  that  they  adsorb  the  acid  with  which  they  come  in  con- 
tact and  hold  it  in  an  insoluble  condition  and  that  the  effect  of  the  salt 
solution  is  to  set  the  acid  free  either  by  a  double  decomposition  or  by 
some  physical  action  on  the  soil  particles.  For  exanjple,  the  soil  may 
have  a  greater  adsorptive  power  for  the  salt  than  for  the  acid,  and  in 
taking  up  the  salt  from  the  solution  the  acid  is  set  free.  Buch  an 
action  would  not  be  surprising  since  Van  Bemmelen^  has  shown  that  a 
silica  gel  of  the  composition  Si02.4H20  will  retain  aluminum  chloride 
so  tenaciously  that  it  can  not  be  washed  out,  but  if  the  gel  be  brought 
into  contact  with  a  solution  of  potassium  chloride,  considerable  quan- 
tities of  the  latter  are  adsorbed  and  a  large  part  of  the  aluminum  chlo- 
ride goes  into  solution.  If  something  of  this  sort  happens  in  the  case  of 
the  soil,  it  is  likely  that  there  would  be  a  great  variation  in  the  amount 
of  acid  adsorbed  if  the  concentration  of  the  acid  with  which  it  is  brought 
into  contact  were  varied.  If,  on  the  other  hand  the  effect  of  the  acid  is 
to  neutralize  the  bases  already  present,  rendering  the  soil  capable  of 
adsorbing  greater  quantities  of  the  bases  from  the  salt  solutions  with 
which  it  comes  in  contact,  we  would  not  expect  any  great  variation  until 
an  acid  so  dilute  is  used  that  the  soil  could  hold  the  base  adsorbed  in 
spite  of  the  action  of  the  acid.  This  would  have  to  be  an  acid  nearly 
as  dilute  as  that  found  in  the  salt  solution  after  being  shaken  with  the 
soil. 

Experiment  IV.  To  determine  the  effect  of  concentration  of  the  acid 
on  the  adsorptive  power  of  the  soil,  samples  were  treated  with  solutions 
of  N/2,  N/5,  N/20,  N/40,  and  N/80  sulphuric  acid.  They  were  washed 
free  of  acid  and  treated  with  a  normal  solution  of  potassium  nitrate, 
100  cc.  being  removed  and  titrated  as  in  the  previous  experiments.  The 
results  given  in  Table  IV  show  the  amount  of  N/50  sodium  hydroxide 
required  to  neutralize  the  acid  in  100  cc.  The  same  experiment  was 
carried  out  with  kaolin. 


TABLE  IV. 


Treated  with 


Un- 
treated. 

N/2 
HsS04. 

N/5 
H,S04. 

N/10 
H1SO4. 

N/20 
H«SO«. 

N/4 
H3SO4. 

N/80 
HtS04. 

c.c 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

Soil  

14.8 

26.8 

29.5 

28.3 

29.9 

28.6 

25.8 

Kaolin  

0.0 

18.3 

18.5 

18.1 

16.9 

16.1 

13.4 

aour.  Prakt.  Chem.  2nd  ser.  Vol.  23,  pp  324-349  and  379-395. 
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The  kaolin  used  in  the  above  experiment  was  obtained  from  a  differ- 
ent source  than  that  of  the  preceding  experiments.  It  will  be  seen 
from  the  above  results  that  the  concentration  of  the  acid  did  not  have 
any  great  effect  on  the  adsorptive  power  of  the  soil.  What  variation 
there  is  seems  to  be  due  to  a  variation  in  the  different  samples  of  soil 
used,  since  it  was  imposi^ible  to  get  samples  that  were  absolutely  homo- 
genous. This  would  indicate  that  there  was  no  adsorption  of  the  acid 
by  the  soil  because  there  is  no  appreciable  decrease  in  effect  with  de- 
crease in  concentration  of  the  acid.  It  would  seem  that  the  effect  of 
the  acid  is  merely  to  neutralize  the  bas^s  already  adsorbed,  thus  in- 
creasing the  capacity  of  the  soil  to  adsorb  the  base  from  the  salt  solu- 
tion. On  the  other  hand,  there  is  a  marked  falling  off  in  effect  with  de- 
crease of  concentration  in  the  case  of  the  kaolin.  The  action  of  the 
acid  in  this  case  may  have  been  to  bring  about  a  chemical  change  in  the 
silicates  rather  than  the  neutralization  of  basic  material. 

That  there  is  no  adsorption  of  the  acid  by  either  the  soil  or  the  kaolin 
was  further  proved  by  treating  samples  of  those  substances  with  N/20 
sulphuric  acid,  washing  until  practically  free  from  soluble  acids,  and 
then  treating  with  a  normal  potassium  nitrate  solution.  If  any  sul- 
phuric acid  were  adsorbed  by  the  soil  or  kaolin,  it  would  be  set  free  by 
the  action  of  the  salt  solution  but  on  testing  for  the  presence  of  the  sul- 
phate radical  in  the  potassium  nitrate  solution,  only  a  minute  trace  was 
found,  the  amount  being  sufficient  to  account  for  only  a  very  small  frac- 
tion of  the  acid  found  in  the  solution.  Therefore,  the  action  of  the  soil 
and  of  the  kaolin  on  the  salt  solution  could  not  have  been  caused  by 
the  presence  of  sulphuric  acid  held  adsorbed  by  those  substances. 

Experiment  V.  This  experiment  was  an  attempt  to  prove  that  the 
soil  actually  adsorbs  the  base  from  a  neutral  salt  solution.  Samples  of 
soil  and  kaolin  were  treated  with  N/20  hydrochloric  acid,  washed  with 
water  until  free  from  acid  and  then  treated  with  250  cc.  of  normal 
barium  chloride  solution.  After  standing,  the  solutions  were  centri- 
fuged  and  one  hundred  cubic  centimeter  portions  removed  and  titrated 
with  N/50  sodium  hydroxide  (table  V  column  1),  after  which  the  soil 
and  kaolin  were  washed  with  water  to  remove  the  soluble  barium  salts 
and  again  treated  with  N/20  hydrochloric  acid.  One  hundred  cubic 
centimeters  of  this  solution  were  drawn  off  and  the  barium  determined 
by  precipitation  with  sulphuric  acid  (table  V  column  2).  Blanks  were 
run  to  correct  the  weight  of  Ibarium  sulphate  since  it  was  found  very* 
difficult  to  wash  out  all  of  the  barium  salts  and  the  amount  of  N/50 
sodium  hydroxide  corresponding  to  the  weight  of  barium  sulphate  cal- 
culated (table  V  column  3).  After  thoroughly  washing  the  soil  and 
kaolin  they  were  treated  a  second  time  with  a  normal  solution  of  barium 
chloride  and  the  amount  of  free  acid  in  100  cc.  determined  by  titrating 
with  N/50  sodium  hydroxide  (table  V  column  4). 


TABLE  v. 


N/50  NaOH 
in  l8t  BaCh 
Solution. 


Barium 
Sulfate. 
(Cor.) 


N/50  NaOH 
calculated 

from  weirht 
of  BaSOi. 


N/60  NaOl 
in  2nd  BaC 
Solution. 


c.c. 
26.3 
11.1 


C.C. 

80.4 
8.6 
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The  facts  brought  out  by  the  preceding  experiment  can  be  satisfac- 
torily explained  on  the  basis  of  selective  adsorption.  By  treating  the, 
soil  with  hydrochloric  acid  some  of  the  adsorbed  bases  are  converted 
into  soluble  salts  and  removed  by  washing.  If,  now,  the  soil  be  shaken 
with  a  solution  of  barium  chloride  it  adsorbs  barium  hydroxide  setting 
free  a  corresponding  amount  of  hydrochloric  acid.  Upon  treating  the 
soil  a  second  time  with  hydrochloric  acid,  the  adsorbed  barium  will  be 
converted  into  barium  chloride  which  is  easily  removed.  In  the  above 
experiment  the  amount  of  barium  recovered  corresponds  almost  quanta- 
tively  to  the  amount  of  acid  liberated  by  the  previous  treatment  with 
barium  chloride.  After  thoroughly  removing  the  hydrochloric  acid 
from  the  soil  it  will  again  adsorb  barium  hydroxide  from  a  neutral  solu- 
tion of  barium  chloride  in  practically  the  same  amount  as  originally. 

If  we  accept  the  theory  that  the  soil  contains  insoluble  humic  acids 
which  enter  into  a  double  decomposition  with  the  neutral  salt  the  fol- 
lowing reaction  would  represent  the  change 

HA+BaCU-^BaA+HCl 

By  far  the  greater  part  of  the  humic  acid,  HA,  must  be  transformed  by 
this  process  into  the  salt,  BaA,  because  the  first  addition  of  a  salt 
always  gives  a  much  greater  quantity  of  acid  than  the  second,  and  if 
the  applications  are  continued  until  the  soil  is  practically  neutral,  it  is 
found  that  the  acid  set  free  in  the  first  treatment  forms  a  large  per- 
centage of  the  total.  If  we  are  to  accept  the  law  of  mass  action,  this 
means  that,  for  the  action  to  go  as  far  as  it  does,  the  salts  of  the  humic 
acids  must  be  either  far  more  insoluble  or  far  less  dissociated  than  is 
the  humic  acid.  To  account  for  the  recovery  of  the  barium  by  the 
treatment  with  hydrochloric  acid,  the  reverse  action: 

BaA-fHCl-^BaCU+HA 

must  take  place,  and  since  95%  of  the  barium  taken  up  by  the  soil  is  re- 
covered by  this  process,  the  reaction  goes  almost  to  completion  in  this 
reverse  direction.  For  the  reaction  to  go  so  nearly  to  completion  in 
this  direction,  the  humic  acid  must  be  far  more  insoluble  or  far  less 
dissociated  than  the  barium  salts  of  these  acids.  But  this  conclusion  is 
the  exact  reverse  of  that  reached  as  a  result  of  the  first  reaction.  As  a 
result  of  the  above  experiment  we  must  conclude  that  the  action  of  the 
soil  towards  neutral  salt  solutions  and  litmus  paper  is  due  to  selective 
absorption  and  not  to  a  double  decomposition  between  the  salt  and 
humic  acid. 

The  above  conclusion  has  received  further  confirmation  through  some 
recent  work  by  E.  G.  Parker.  In  a  paper  on  Selective  Absorption  by 
Soils",*  Parker  has  shown  that,  if  a  soil  is  shaken  with  a  solution  of 
potassium  chloride,  the  potassium  ion  is  absorbed  by  the  soil  to  a  much 
greater  extent  than  the  chloride  ion,  and  that  there  appears  in  the  solu- 
tion an  amount  of  calcium,  aluminum,  magnesium  and  free  acid  that  is 
almost  exactly  equivalent  to  the  amount  of  potassium  taken  up  by  the 
soil.  He  also  shows  that,  if  a  little  sodium  hydroxide  is  placed  in  the 
potassium  chloride  solution  before  treating  the  soil,  no  magnesium,  cal- 

aour.  AgT'l.  Research,  1.  1013.  p  170. 
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cium,  aluminum  or  soluble  acid  is  found  in  the  solution,  yet  the  amount 
of  potassium  in  excess  of  chlorine  absorbed'  by  the  soil  is  just  about  the 
same  as  in  the  case  in  which  the  sodium  hydroxide  was  not  present.  This 
could  not  be  the  case  if  the  acid  in  the  first  experiment  were  liberated 
through  a  double  decomposition  with  the  humic  acids  present.  Parker 
explains  the  presence  of  magnesium,  aluminum,  etc.,  in  the  solution 
in  which  there  was  no  sodium  hydroxide  by  assuming  that  these  sub- 
stances are  dissolved  out  by  the  acid  set  free  through  the  Selective  ab- 
sorption of  the  potassium  ion,  and  this  conclusion  seems  to  be  con- 
firmed by  the  fact  that  he  found  none  of  these  substances  present  when 
sodium  hydroxide  was  added  to  the  potassium  chloride  solution. 

Experiment  VI.  In  titrating  the  salt  solutions  with  which  the  soil 
used  in  the  preceding  experiments  had  been  treated,  it  was  noticed 
that  the  addition  of  the  alkali  was  accompanied  by  the  separation  of  a 
light  brown  gelatinous  precipitate.  A  similar  precipitate  was  noticed 
in  the  corresponding  experiments  with  the  kaolin,  except  that  in  this 
case  it  was  white.  At  first  it  was  supposed  that  the  precipitate  in  the 
case  of  the  soil  consisted  at  least  in  part  of  organic  matter.  However 
when  tested,  it  was  found  to  be  wholly  inorganic  and  to  consist  of  a 
mixture  of  ferric  and  aluminum  hydroxide.  In  the  case  of  the  kaolin, 
the  precipitate  was  almost  entirely  aluminum  hydroxide.  These  facts, 
together  with  the  similarity  of  behavior  of  the  soil  and  acid-treated 
kaolin  raised  the  question  as  to  what  extent  the  selective  adsorptive 
power  of  the  soil  is  due  to  organic  colloidal  matter  and  to  what  extent 
it  is  due  to  inorganic  colloidal  matter.  To  determine  this  point,  100 
grams  of  the  same  .soil  as  used  in  experiment  No.  IV,  were  boiled  for 
six  or  seven  hours  with  concentrated  sulphuric  acid  in  a  Kjeldahl  flask. 
This  treatment  entirely  destroyed  the  organic  matter  leaving  a  clean 
white  sand.  The  soluble  acid  was  washed  out  and  the  soil  treated  with 
a  normal  solution  of  potassium  nitrate,  A  100  cc.  portion  was  drawn 
off  and  titrated.  It  was  found  that  29.1  cc.  of  N/50  sodium  hydroxide 
were  required  to  neutralize  the  acid  set  free  in  the  salt  solution.  It 
will  be  noticed  from  Table  IV,  that  the  corresponding  values  for  sam- 
ples of  this  soil  treated  with  acid  varying  in  strength  from  N/20  to 
N/80  ranged  from  25.8  to  29.9  cc.  We  have  then  a  soil  quite  free  from 
organic  matter  with  a  power  to  affect  a  salt  solution  in  almost  exactly 
the  same  degree  as  the  soil  with  all  the  organic  matter  present. 

The  above  experiment  indicates  that  the  behavior  of  the  soil  toward 
neutral  salts  is  not  due  to  the  presence  of  insoluble  organic  acids,  or 
even  to  the  presence  of  organic  matter  at  all  but  to  inorganic  com- 
pounds, probably  hydrated  silicates.  This  conclusion  is  in  agreement 
with  facts  observed  by  many  other  investigators.  As  long  ago  as  1850, 
Way^  succeeded  in  producing  a  silicate  of  sodium  and  aluminum  that 
adsorbed  ammonia  from  a  water  solution.  This  experiment  is  not 
strictly  analogous  to  those  described  in  this  paper  because  we  do  not 
have  colloidal  matter  breaking  up  a  salt  and  setting  free  an  acid.  It 
does  show  however  that  substances  of  this  nature  may  very  readily,  ad- 
sorb basic  compounds.  Dumont^  has  shown  that  clay,  silicic  acid,  and 
ferric  hydroxide  will  react  with  potassium  carbonate  and  liberate  car- 
bon dioxide.  Kaolin,  however,  was  found  to  be  practically  inactive  to- 
ujour. Roy.  Agr'l.  Soc.,  Vol.  II,  1850. 
«Compt.  Reiid.  T  Acad.  d.  Sciences,  1906,  p  345. 
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ward  the  salt.  The  latter  result  is  in  agreement  with  the  results  of  the 
writer  since  kaolin  was  found  to  be  inactive  toward  a  salt  solution  until 
it  had  been  treated  with  an  acid.  Eozai^  makes  the  statement  that  Dai- 
kuhaira  had  a  soil  under  investigation  which  reacted  acid  toward  neu- 
tral salt  solutions  though  quite  free  from  humus.  No  data  are  given  in 
this  article,  but  a  publication  embodying  the  results  of  the  investigation 
is  promised.  The  writer  has  searched  the  literature  but  has  been  unable 
to  get  any  trace  of  the  promised  article. 

CONCLUSIONS 

The  results  reported  in  the  foregoing  pages  indicate  that  the  reaction 
of  so-called  acid  soils  of  the  sandy  loam  type  is  one  of  selective  adsorp- 
tion by  the  soil  of  the  basic  constituents  of  the  neutral  salt  solution. 
It  is  not  due  to  a  double  decomposition  with  adsorbed  acids  or  insoluble 
"humic  acids." 

Kaolin  in  its  natural  condition  does  not  show  the  power  of  selective 
adsorption  but  after  treatment  with  acids  to  remove  the  adsorbed  bases 
it  becomes  capable  of  removing  a  corresponding  quantity  of  base  from 
a  neutral  salt  solution. 

The  quantity  of  base  adsorbed  by  a  soil  or  by  kaolin  varies  with 
different  salt  solution,  thus  rendering  unreliable  the  results  of  any 
analytical  method  for  determining  the  "lime  requirement"  of  a  soil  un- 
less the  method  employs  the  same  material  that  is  to  be  used  in  the 
field. 

The  "acidity"  of  soils  of  the  type  investigated  probably  arises  from 
the  formation  of  soluble  salts  through  the  interaction  of  weak  acids 
(CjHjO^,  CO2  etc.)  in  the  soil  solution  and  the  basic  material  naturally 
held  adsorbed  by  the  soil  and  their  subsequent  removal  by  leaching. 
This  leaves  the  soil  free  to  adsorb  more  basic  material  from  any  source 
with  which  it  may  come  in  .  contact. 

KThein.  Zelt..  1908,  32,  p  1187. 
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EXPERIMENTS  ON  THE  CONTROL  OF  THE  ROOT-KNOT 

NEMATODE.* 


BY  J.  A.  MCCLINTOCK, 

Agent  B.  P.  I.  in  charge  of  Ginseng  disease  Investigation  of  Michigan. 

The  root-knot  nematode,  Heterodera  t^dicicola^  (Greef)  Miiller,  has 
proven  to  be  a  serious  pest  of  many  crops  in  the  southern  states,  and  in 
some  of  the  western  states  it  has  caused  considerable  trouble  on  potatoes 
and  sugar  beets.  In  many  of  the  northern  states,  this  nematode  has 
caused  serious  trouble  on  greenhouse  crops  and  on  such  intensive  garden 
crops  as  ginseng. 

The  life  history  of  this  parasite  has  been  worked  upon  by  (1)  Atkin- 
Bonf,  (6)  Stone  &  Smith,  (2)  Bessey,  (3  and  4)  Cobb,  and  control  meas- 
ures have  been  worked  out  for  greenhouse  conditions  by  Stone  &  Smith ; 
while  Bessey  and  (5)  Rolfs  have  recommended  rotations  that  tend  to  keep 
the  root-knot  nematode  more  or  less  under  control  in  certain  field 
crops.  Much  still  remained  to  be  worked  out  in  the  way  of  control 
measures  for  intensive  crops  like  truck  crops,  ginseng,  golden  seal,  etc. 

For  an  account  of  the  complete  life  history  of  the  root-knot  nematode 
see  Bessey  (2).   Briefly  it  is  as  follows: 

In  about  twenty-five  days  after  the  female  enters  a  root,  she  has 
reached  sexual  maturity  and  begun  to  lay  eggs.  These  eggs  which  are 
85-98  microns  in  length  by  34-40  microns  in  thickness,  are  surrounded, 
as  laid,  by  a  gelatinous  substance  which  holds  them  together  in  a  mass. 
In  the  case  of  firm,  woody  tissues,  the  eggs  seldom  reach  the  surface  of 
the  knot,  but  produce  numerous  larvae  which  make  their  way  to  the  sur- 
face and  enter  new  roots.  Where  the  root-knot  is  in  softer  tissues,  as 
those  of  various  herbaceous  plants,  the  eggs  are  often  forced  through  the 
tissues  and  cling  in  small  masses  to  the  surface  of  the  knot.  The  num- 
ber of  eggs  laid  by  a  single  female  varies  somewhat,  but  counts  seem  to 
show  that  it  is  between  four  and  five  hundred.  In  all  cases  where  the 
number  of  eggs  used  in  exi)erinients  is  recorded,  it  is  on  the  basis  of  four 
hundred  eggs  per  egg  mass,  so  in  most  cases  the  number  of  eggs  treated 
probably  ran  over  rather  than  under  the  number  recorded.  Under  favor- 
able conditions,  the  eggs  probably  begin  to  hatch  within  a  few  days 
after  being  laid,  thus  making  the  complete  life  cycle  about  thirty  days 
nnder  favorable  conditions. 


•The  work  upon  wbich  this  paper  is  based  was  carried  on  .'under  a  cccperative  apreement  between 
the  Bureau  of  riant  Industry  and  the  Michiean  Experiment/ Stat  ion,  and  in  scme^hat  different  form 
was  accepted  as  a  thesis  for  the  degree  of  Master  of  Science  in  the  Department  of  Plant  Pathology, 
University  of  Wisconsin. 

fThe  number  with  the  author's  name  refers  to  the  number  of  the  article  referred  to  as 
listed  in  the  bibliography  at  the  close  of  this  paper.  r^r^r^Jr> 
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FIELD  EXPERIMENTS  CONDUCTED  IN  MICHIGAN  IN  1915. 

As  the  chief  work  assigned  to  the  author  in  Michigan  was  that  of  ex- 
periments on  the  control  of  the  root-knot  disease  of  ginseng,  it  was  neces- 
sary to  make  a  general  survey  of  the  various  ginseng  growing  sections 
of  the  state,  in  order  to  select  a  suitable  place  for  establishing  a  field 
laboratory.  It  was  finally  decided  that  a  large  garden  located  at 
Muskegon,  Michigan,  afforded  the  best  opportunity  for  carrying  on  field 
experiments  so  the  field  laboratory  was  located  there. 

In  order  to  exclude,  as  far  as  possible,  any  factors  which  might  lead 
to  errors  in  the  results,  it  was  decided  that  the  plots  used  for  experi- 
ments should  be  separated  from  the  remaining  soil.  To  accomplish  this 
the  plots  of  soil,  seven  by  ten  feet  in  extent,  were  enclosed  with  galvaniz- 
ed sheet  iron  thirty-six  inches  in  width.  The  iron  was  set  into  the  soil 
thirty  inches,  leaving  six  inches  projecting  above  the  surface  to  keep 
any  surface  soil  from  being  washed  into  the  plots  after  the  experiments 
were  started.  The  observ^ation  of  nematodes  three  feet  down  in  the  soil 
has  been  recorded  by  Bessey  (2)  but  the  difficulty  of  obtaining  iron 
more  than  thirty-six  inches  wide  was  so  great  as  to  preclude  our  plac- 
ing it  more  than  thirty  inches  in  the  soil.  The  edges,  where  the  sheets 
of  iron  came  together,  were  bent,  interlocked  and  pounded  tightly  to- 
gether to  prevent  the  passage  of  anything  at  such  places.  To  exclude 
the  possibility  of  soil  being  carried  onto  the  plots,  by  various  animals 
passing  through  the  garden,  each  plot  was  enclosed  above  ground 
with  a  three  foot  fense  of  chicken-wire  netting,  which  came  do^n  so  as 
to  overlap  the  six  inches  of  sheet  iron  above  ground. 

The  plots,  seven  in  number,  were  alternated  with  two  foot  paths,  so  as 
to  cover  the  greater  part  of  a  strip  of  soil  fourteen  feet  wide  and  seventy 
feet  long.  Two  beds  of  badly  nematode  infested  ginseng  roots  had  been 
removed  from  this  soil  the  fall  previous,  and  no  crop  had  been  on  the 
ground  since.  The  soil,  throughout  the  whole  garden,  is  a  loose,  sandy 
loam,  very  highly  fertilized  with  barnyard  manure,  making  it  an  ideal 
place  for  the  rapid  multiplication  and  spread  of  the  root-knot  nematode. 

Although  the  experiments  of  previous  workers  with  chemical  treat 
ments  of  the  soil  for  the  eradication  of  Hetrrodet^i  ra4!whMa  had  given 
chiefly  negative  results,  it  was  decided  that  a  wn*ies  of  such  treatments 
should  be  made  to  test  the  relative  value  of  various  chemicals,  with  the 
possibility  of  finding  one  that  would  be  both  effective  and  practical  of 
application. 

CARBON  BISl  LrillDK  TREATMENT. 

As  i)revious  experiments  by  I5essey  (2)  had  shown  carbon  bisiil 
phide  to  be  successful  under  field  conditions,  it  was  decided  that  one 
plot  should  be  treated  with  this  chemical  exactly  as  recommende:!.  On 
the  afternoon  of  May  10,  10i:5,  i)lot  I  was  treated  with  carbon  bisulphide 
as  follows: — Holes  were  made  in  the  soil  at  intervals  of  six  to  twelve 
inches,  and  varying  in  depth  from  six  to  eighteen  inches.  Liquid  carhon 
bisulidiide  was  poured  into  the  holes  at  the  rate  of  four  ounces  per 
square  yard  of  soil,  and  the  holes  quickly  plugged  up  by  packing  soil 
into  them.  Within  half  an  hour  after  the  treatment  was  made  the  air, 
in  the  vicinity  of  the  plot,  had  a  very  strong  odor  of  carbon  bisulphide. 
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and  the  odor  was  still  quite  noticeable  the  next  morning  after  the  treat- 
ment. From  this  it  was  concluded  that  the  vapor  had  been  passing  up 
through  the  soil  and  out  into  the  air  for  a  period  of  about  eighteen  hours. 
Lettuce,  tomato  and  cucumber  plants  are  among  those  most  readily  at- 
tacked by  the  root-knot  nematode;  therefore,  it  was  decided  to  use  these 
plants  to  determine  whether  or  not  the  soil  treatments  had  eradicated 
the  pest.  May  14,  1913,  lettuce  seeds  were  planted  in  the  carbon  bi- 
sulphide treated  plot,  and  also  in  the  untreated  soil  about  the  plot  to 
serve  as  a  check  on  the  treatment.  May  31,  1913,  the  seeds  planted  May 
14th  had  not  produced  many  plants  so  the  plot  was  replanted  with  let- 
tuce, tomato  and  cucumber  seeds.  June  16,  1913,  some  of  the  larger 
lettuce  plants  were  dug  from  the  plot  and  their  roots  found  to  be  some- 
what affected  with  nematodes  as  shown  by  the  small  knots  on  them. 
Check  plants  dug  from  the  soil  outside  of  the  plot  were  more  seriously 
affected  than  those  from  the  treated  plot,  thus  showing  that  the  nema- 
todes had  been  reduced  in  numbers,  but  not  eradicated  by  this  carbon 
bisulphide  treatment. 

June  30,  1913,  the  rest  of  the  plants  were  dug  from  the  treated  soil 
and  the  roots  were  found  to  be  abundantly  covered  with  knots,  showing 
that  the  nematodes  were  increasing  in  numbers  in  the  treated  soil. 
August  16,  1913,  this  plot  was  retreated  with  carbon  bisulphide  as  be- 
fore, except  that  the  surface"  of  the  soil  was  sprinkled  with  water  and 
covered  with  burlap  sacks,  after  the  treatment,  in  an  effort  to  keep  the 
carbon  bisulphide  vapor  from  passing  so  rapidly  from  the  soil  out  into 
the  air.  August  18th  the  sacks  were  removed  from  the  surface  of  the 
plot  and  lettuce  seed  was  planted  in  the  treated  soil.  September  8th  some 
of  the  lettuce  plants  were  dug  and  examined  but  no  knots  were  found  on 
the  roots.  It  was  impossible  to  get  further  data  on  this  plot  during  the 
rest  of  the  season.  In  the  summer  of  1914  the  author  examined  lettuce 
and  cow.  pea  plants  from  this  plot  and  found  nematodes  on  their  roots. 

TOBACCO  STEM  TREATMENT. 

The  second  plot  was  treated  with  tobacco  stems.  A  wagon  load  of 
tobacco  stems  was  collected  from  various  cigar  factories  and  taken  to 
the  garden.  May  12,  1913,  a  layer  of  these  stems  over  six  inches  in  thick- 
ness was  spread  over  all  the  soil  of  plot  II.  May  14,  1913,  the  stems  were 
wet  down  with  water.  May  31, 1913,  the  layer  of  tobacco  stems  was  removed 
from  the  plot  and  lettuce,  tomato  and  cucumber  seeds  were  planted  in 
the  treated  soil,  and  also  in  the  untreated  soil  outside  the  plot.  June 
16th  some  of  the  plants  were  dug  from  the  treated  soil  and  examined 
but  no  knots  were  found  on  the  roots.  June  30th  lettuce,  tomato  and 
cucumber  plants  were  dug  from  the  treated  soil  and  examined  but  no 
knots  were  found  on  their  roots.  August  11th,  the  author  dug  up  lettuce, 
tomato  and  cucumber  plants  from  the  treated  soil  and  found  some  small 
knots  on  their  roots,  showing  that  the  nematodes  had  been  reduced  in 
numbers  for  a  time,  but  not  eradicated.  The  writer  does  not  feel  that 
such  a  treatment  can  be  depended  upon  to  give  the  desired  results. 
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SULPHURIC  ACID  TREATMENT. 

August  14,  1913,  all  of  the  remaining  plants  were  dug  from  the  second 
plot.  The  soil  was  then  treated  with  a  solution  of  one  part  of  commer- 
cial sulphuric  acid  to  eighty-five  parts  of  water,  using  one-half  gallon 
of  this  solution  per  square  foot  of  soil.  August  18th  lettuce  seed  was 
planted  in  the  treated  soil.  September  8th  lettuce  plants  were  dug  from 
the  plot  and  examined,  but  no  knots  were  found  on  the  roots.  It  was 
not  possible  to  get  further  data  on  this  plot  during  the  rest  of  the  sea- 
son, but  in  the  light  of  experiments  performed  later  in  the  laboratory 
at  the  University  of  Wisconsin,  it  is  probable  that  the  sulphuric  acid 
treatment  did  not  eradicate  the  nematodes  from  the  treated  soil.  In  the 
summer  of  1914  the  writer  examined  plants  from  this  plot  and  found 
root-knots  on  them. 


FORMALDEHYDE  TREATMENTS. 


It  was  decided  that  the  third  plot  should  be  treated  with  formaldehyde. 
In  1912  some  preliminary  experiments  along  this  line  were  started.  Dur- 
ing April,  1913,  we  had  an  opportunity  of  seeing  the  results  of  these  soil 
treatments  with  a  solution  of  one  part  of  40%  formaldehyde  to  fifty 
parts  of  water.  These  treatments  had  not  been  successful  in  eradicat- 
ing the  nematodes  from  the  treated  soil;  so  we  decided  to  double  the 
strength  by  using  1-25  formaldehyde  (1  part  of  40%  formaldehyde  to  25 
parts  of  water).  May  12,  1913,  plot  III  was  treated  with  a  1-25  solu- 
tion of  formaldehyde,  using  one  gallon  to  a  square  foot  of  soil.  May  14th 
lettuce  and  cucumber  seeds  were  planted  in  the  treated  soil  to  see  if 
they  would  germinate  and  grow  before  the  soil  was  free  from  formalde- 
hyde gas.  May  31st  no  lettuce  or  cucumber  plants  had  come  up  from  the 
seeds  planted  May  14th,  so  the  plot  was  planted  with  lettuce,  cucumber 
and  tomato  seeds.  June  16, 1913,  some  of  the  plants  were  dug  and  examin- 
ed, but  no  knots  were  found  on  the  roots.  June  30th,  the  author  examined 
lettuce,  tomato  and  cucumbers  plants,  but  found  no  knots  on  their  roots. 
August  11th,  he  dug  up  and  examined  lettuce,  tomato  and  cucumber  plants 
and  found  some  small  knots  on  their  roots.  This  showed  that  the  treat- 
ment with  1-25  formaldehyde  had  greatly  reduced,  for  a  time,  the  num- 
ber of  nematodes  in  the  soil,  but  had  not  eradicated  them. 

August  13,  1913,  the  writer  dug  up  all  of  the  remaining  plants  from 
Plot  III,  respaded  the  soil,  and  then  raked  it  so  as  to  note  and  remove  as 
far  as  possible,  any  pieces  of  roots  which  had  been  broken  from  the  plants 
in  digging.  The  soil  was  then  retreated  with  a  formaldehyde  so- 
lution made  up  at  the  rate  of  one  gallon  of  40%  formaldehyde  to  sixteen 
gallons  of  water,  and  applied  at  the  rate  of  about  one  gallon  of  solution 
to  a  square  foot  of  soil.  August  14, 1913,  lettuce  seed  was  planted  on  this 
plot  to  see  if  it  would  grow  before  the  formaldehyde  gas  was  out  of  the 
soil.  September  3,  1913,  no  lettuce  plants  had  developed  from  the 
seed  planted  August  14th ;  so  the  plot  was  replanted  with  lettuce  seed. 
September  8,  1913,  no  plants  were  up.  No  further  data  could  be  taken  on 
this  treatment  during  the  rest  of  the  season ;  therefore,  we  came  to  no 
definite  conclusion  relative  to  the  value  of  this  treatment.  During  the 
summer  of  1914  plants  from  this  plot  were  examined  and  nematodes 
found  in  the  roots. 
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NAPHTHALINE  TREATMENT. 

As  naphthaline  was  known  to  be  more  or  less  of  a  repellant  to  certain 
insects,  it  was  suggested  that  it  be  given  a  trial.  The  original  intention 
was  to  mix  flake  naphthaline  with  the  soil.  As  it  was  not  possible  to 
obtain  naphthaline  in  the  flake  form  at  the  time  it  was  desired  to  start  the 
experiment,  it  was  necessary  to  nse  it  in  the  fonu  of  small  balls,  com- 
monly called  "moth  balls."  May  15,  1913,  plot  IV  was  treated  as  fol- 
lows:— Holes  were  made  in  the  soil  at  intervals  of  eight  inches  to  one 
foot,  and  varying  from  six  to  twelve  inches  in  depth.  One  or  two  naphtha- 
line balls  were  dropped  into  each  hole  and  the  mouths  of  the  holes  then 
closed  with  soil  packed  into  them.  About  one  and  one-half  pounds  of 
moth  balls  were  used  on  the  plot.  May  31,  1913,  the  writer  planted  toma- 
to and  cucumber  seeds  in  the  naphthaline  treated  soil.  June  16,  1913, 
some  of  the  plants  were  dug  and  examined  and  found  free  from  root- 
knots.  June  30,  1913,  the  author  examined  tomato  and  cucumber  plants 
from  plot  IV  and  found  knots  on  their  roots.  This  proved  that  the 
naphthaline  treatment  applied  would  not  control  the  root-knot  nematode. 

AMMONIA  TREATMENT. 

May  15,  1913,  plot  V  was  prepared  for  treatment  as  in  plot  IV,  by  mak- 
ing holes  in  the  soil  with  a  brass  dibble.  A  small  amount  of  28% 
ammonia  was  poured  into  each  hole,  and  then  the  holes  were  quickly 
plugged'  with  soil.  The  ammonia  gas  soon  penetrated  the  soil  and  gave 
the  air  in  the  vicinity  of  the  plot  a  very  strong  odor.  About  three  pounds 
of  ammonia  were  used  on  this  seven  by  ten  foot  plot.  May  31,  1913,  let- 
tuce, tomato,  and  cucumber  seeds  were  planted  in  the  treated  soil.  June 
16,  1913,  some  of  the  plants  were  dug  up  and  knots  found  on  their  roots. 
This  would  seem  to  show  that  such  an  ammonia  treatment  had  no  effect 
on  the  nematodes  in  the  treated  soil.  Later  on  in  the  season  this  plot 
was  used  for  starting  an  experiment  with  ginseng  roots  apparently 
resistant  to  nematodes. 

"BLACK  LEAF  40"  TREATMENT. 

It  had  been  intended  to  make  this  and  the  following  treatment  at  the 
same  time  the  others  were  made,  but  they  were  delayed  because  we  could 
not  get  the  "Black  T^f  40"  and  the  tobacco  dust  at  that  time.  "Black 
Leaf  40,"  a  commercial  nicotine  product  made  by  the  Kentucky  Tobacco 
Products  Company,  has  proven  quite  eflflcient  as  an  insecticide  for  cer- 
tain types  of  insects.  As  a  result  of  its  success  as  an  insecticide,  it  was 
suggested  for  nematodes.  Directions  on  the  sealed  can  recommended  the 
use  of  a  one-half  pound  can  of  this  concentrated  nicotine  product  to 
thirty-four  gallons  of  water,  for  all  ordinary  insects.  This  dilution  was 
supposed  to  give  not  less  than  seven  hundredths  of  one  per  cent  nicotine. 
May  31,  1913,  plot  VI  was  treated  with  "Black  I^af  40"  solution  made 
up  according  to  directions,  and  applied  to  the  soil  at  the  rate  of  one  gal- 
lon per  square  foot.  June  2,  1913,  the  writer  planted  lettuce,  tomato  and 
cucumber  seeds  in  the  treated  soil.  June  30,  1913,  he  dug  up  and  examin- 
ed lettuce  and  tomato  plants  from  plot  VI  and  found  knots  on  their 
roots,  thus  showing  that  such  a  dilution  of  "Black  Leaf  40"  would  not 
control  root-knot  nematodes. 


Digitized  by 


Google 


.8 


EXPERIMENT  STATION  BULLETIN. 


TOBACCO  DUST  TREATMENT. 


Tobacco  dust,  made  bt  grinding  tobacco  stems  into  a  fine  powder,  has 
proven  quite  efficient  as  an  insecticide;  so  it  was  determined  that  it 
should  be  given  a  trial.  June  2,  1913,  twenty-five  pounds  of  tobacco  dust 
were  spread  over  the  surface  of  the  soil  in  plot  VII,  and  thoroughly 
raked  into  the  soil.  The  plot  was  then  thoroughly  soaked  with,  water. 
Later  on  in  the  day,  lettuce  and  tomato  seeds  were  planted  in  this  plot. 
June  30,  1913,  the  author  dug  up  and  examined  some  of  the  plants  from 
plot  VII  and  found  a  few  small  knots  on  their  roots.  August  11,  1913,  he 
examined  plants  from  plot  VII  and  found  knots  on  their  roots.  This 
would  seem  to  show  that  such  an  application  of  tobacco  dust  as  was 
used,  would  not  eradicate  this  nematode. 


KSROSffiNB  TREATMITNT. 

August  11,  1913,  all  the  plants  from  plot  VI  were  dug  up  and  the  soil 
then  treated  with  commercial  kerosene,  using  ten  gallons  on  the  seven  by 
ten  foot  plot.  August  14, 1913,lettuce  seed  was  planted  in  this  plot.  Septem- 
ber 3,  1913,  no  plants  had  come  up  from  the  seed  planted  August  14:th,  so 
the  plot  was  replanted  with  lettuce.  September  8,  1913,  no  plants  were 
up  in  this  plot.  No  further  data  could  be  obtained  on  this  treatment 
during  the  fall,  so  no  conclusions  could  be  drawn  at  that  time.  Plants 
from  this  plot  were  examined  during  the  summer  of  1914  and  root-knots 
were  found  on  them. 

GASOLINE  TREATMENT. 

August  11,  1913,  the  writer  dug  up  and  removed  the  rest  of  the  plants 
from  plot  VII.  The  plot  was  then  divided  by  setting  a  sheet  of  galvanized 
iron  thirty-six  inches  wide,  into  the  soil  eighteen  inches.  This  gave  two 
plots  five  by  seven  feet  in  area.  One  of  the  plots  was  treated  with  com- 
mercial gasoline,  by  sprinkling  one  gallon  over  the  surface  of  the  soil. 
The  other  plot  was  treated  in  a  similar  manner  except  that  three  gallons 
of  gasoline  were  used  instead  of  one.  August  14,  1913,  lettuce  seed  was 
planted  in  both  plots.  September  8, 1913,  the  writer  dug  up  and  examined 
lettuce  plants  from  both  of  the  gasoline  treated  plots  and  found  many 
knots  on  their  roots.  The  heavy  gasoline  treatment  appeared  to  have  no 
advantage  over  the  light  treatment,  and  neither  seemed  to  inhibit  the  de- 
velopment of  the  nematodes  seriously. 


SUMMARY  OF  THE  RESULTS  OP  THE  FIELD  TREATMENTS. 

In  all  of  the  foregoing  experiments  the  knots  found  on  the  roots  of 
plants  grown  in  the  treated  soils,  were  examined  and  dissected  under  a 
microscope  to  make  sure  of  their  true  cause.  In  each  case  where  com- 
plete data  were  obtainable  they  pointed  to  the  conclusion  that  the  treat- 
ment used  could  not  be  depended  upon  to  eradicate  the  root-knot  neraa 
todes  from  the  treated  soil.  In  some  cases  the  treatment  succeeded  in 
materially  reducing  the  number  of  nematodes  present  in  the  soil,  as 
shown  by  the  longer  periods  that  the  plants  grew  in  some  plots  before 
showing  any  knots  on  the  roots.  Treatments  such  as  carbon  bisulphide, 
tobacco  stems  or  strong  formaldehyde  solution,  which  greatly  reduce  the 
number  of  nematodes  in  the  soil  for  a  month  or  so,  might  be  of  practical 
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value  in  the  case  of  some  riEipidly  growing  crop,  which  could  be  matured 
and  removed  before  the  nematodes  again  became  numerous  enough  to 
materially  injure  the  plants.  In  the  case  of  a  slow  growing  crop  like 
ginseng,  which  remains  in  the  soil  from  four  to  six  years,  any  treatment 
which  falls  short  of  complete  eradication  is  worthless,  because  a  few 
nematodes  left  in  the  soil  would  completely  restock  it  with  their  kind. 
In  the  course  of  a  year  or  two  they  would  be  as  serious  as  they  were  be- 
fore the  treatment  was  applied.  In  the  light  of  these  experiments,  no 
chemical  used  could  be  recommended  for  the  control  of  root-knot  nema- 
todes ;  furthermore,  no  exact  explanation  could  be  given  as  to  just  why 
the  treatments  did  not  eradicate  the  pest. 


THBOBIBS  AS  TO  THE  FAILUBB  OF  THE  FIELD  TRBATM1&NT8. 

Various  theories  to  explain  the  failure  of  the  treatments  were  formu- 
lated, but  none  of  them  were  backed  by  experimental  data.  It  was 
thought  possible  that  occasional  nematodes  more  resistant  than  the  aver- 
age, were  able  to  withstand  the  adverse  conditions  and  that  these  resist- 
ant ones  in  time  succeeded  in  restocking  the  soil,  when  conditions  again 
became  favorable  for  their  growth  and  reproduction.  A  second  theory 
was  that  nematodes  deep  down  in  the  soil,  where  the  treatments  ex- 
erted little  or  no  influence,  came  up  and  repopulated  the  treated  soil 
after  the  effects  of  the  treatments  had  suflSciently  diminished.  Another 
possibility  was  that  the  nematode  eggs  in  the  soil  were  of  such  a  nature 
that  they  were  able  to  resist  the  adverse  conditions  and  remain  dormant 
until  favorable  conditions  allowed  the  young  to  come  out  into  suitable 
environment  for  their  development.  As  the  second  of  the  above  theories 
did  not  appear  to  be  of  a  nature  to  lend  itself  readily  to  investigation 
in  the  laboratory,  it  was  decided  to  turn  attention  to  the  other  two  in 
an  effort  to  determine  what  relation  they  might  have  to  the  failure  of  the 
soil  treatments. 


LABOEATOEY  EXPERIMENTS  AT  MADISON,  WISCONSIN. 

Early  in  October  1913,  the  experiments  at  the  field  laboratory  were 
closed  for  the  season,  and  laboratory  work  on  various  phases  of  the  sub- 
ject was  begun  in  the  greenhouses  and  laboratories  ,  of  the  Department 
of  Plant  Pathology  of  the  University  of  Wisconsin.  For  some  little  time 
after  arriving  at  Wisconsin,  efforts  were  confined  to  fitting  up  experi- 
ments in  the  greenhouses,  and  to  getting  susceptible  plants  started  so 
that  there  might  be  an  abundant  supply  of  nematodes  to  draw  from  for 
laboratory  work.  Ck>nsiderable  time  was  spent  in  various  forms  of 
laboratory  experiments  before  suitable  technique  was  worked  out.  An 
effort  was  made  to  get  larvae  free  from  the  plant  tissues  by  externally 
sterilizing  knots  from  lettuce  roots,  and  then  placing  them  on  plates  of 
sterile  agar,  In  no  case  did  the  writer  succeed  in  obtaining  any  larvae 
free  from  the  knots  in  this  way.  Failing  in  the  above  method,  attempts 
were  made  to  get  the  larvae  by  dissecting  quantities  of  root-knots  from 
lettuce  and  other  plantis.  It  was  impossible  in  this  way  to  get  the  larvae 
in  suflBcient  numbers  for  the  treatments  it  was  desired  to  make. 

Next  was  tried  removing  the  roundish,  pearly  white  female  nematodes 
from  small  knots  on  the  roots  of  various  plants.  It  was  thought  that 
these  females  might  produce  eggs  and  larvae  after  being  transferred  to 
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plates  of  agar.  In  most  cases  these  females  were  not  mature.  When 
transferred  to  the  plates  of  agar,  they  were  soon  overrun  with  colonies 
of  bacteria  and  fungi,  so  that  their  development  could  not  be  followed. 
To  avoid  this  contamination,  it  was  tried  treating  the  female  nematodes 
as  taken  from  the  roots  in  various  chemicals  before  transferring  them  to 
the  plates  of  agar.  Although  in  some  cases  they  remained  free  from  con- 
tamination after  being  transferred,  in  no  case  was  success  attained  in 
getting  larvjB  in  this  way.  Either  their  removal  from  the  roots  or  the 
subsequent  chemical  treatments  stopped  the  development  of  the  female 
nematodes  so  that  they  never  produced  mature  ^gs. 

The  next  effort  was  to  obtain  larvae  by  dissecting  out  mature  or  egg- 
laying  females  and  egg  masses  from  the  older  knots  on  the  roots  of 
various  plants.  Along  with  these  females  and  egg  masses  were  always 
some  larvae  that  had  hatched  out  within  the  knots  from  the  first  eggs 
laid  by  the  females.  Quantities  of  the  egg  masses  from  the  root-knots 
were  treated  with  various  strengths  of  chemicals  and  then  transferred  to 
plates  of  agar.  It  was  observ^  that  the  active  larvae  associated  with 
the  egg  masses  soon  died  when  placed  with  the  egg  masses  in  the  chemi- 
cals for  external  disinfection.  This  observation  caused  the  writer  to 
doubt  the  importance  of  our  first  theory;  vi^&.  that  occasional  larvae  re- 
sisted the  chemical  treatments  applied  to  the  soil.  The  more  observa- 
tions that  were  made  along  this  line,  noting  the  apparent  ease  with 
which  the  larvae  succumbed  to  weak  chemicals,  the  more  the  writer  was 
forced  to  the  conclusion  that  the  above  mentioned  theory  was  probably 
not  the  important  factor  in  the  failure  of  the  strong  chemical,  soil 
treatments. 

Other  observations  made  about  this  time  appeared  to  give  more  sup- 
port to  the  theorj'  that  the  mature  eggs  were  the  resistant  stage.  It 
was  noted  that  in  a  few  days  after  disinfecting  mature  females  and  egg 
masses,  active  larvae  began  to  appear  on  the  agar  plates.  As  it  was 
quite  certain  that  no  larvae  had  gone  through  the  treatments  aJive,  it 
was  concluded  that  those  found  on  the  plates  were  larvae  that  had 
hatched  from  treated  eggs.  As  a  result  of  these  observations,  it  was 
decided  to  discontinue  for  the  time  being,  the  efforts  to  determine  the 
relative  resistance  of  nematodes  in  the  lan^al  state,  and  to  take  up  the 
egg  resistance  theory. 

The  first  experiment  which  gave  a  possible  explanation  for  the  failure 
of  the  field  experiments  was  begun  December  23,  1913.  A  large  quantity 
of  mature  female  nematodes  and  egg  masses  was  dissected  from  large 
knots  on  Primula  roots  and  divided  into  seven  lots  of  about  an  equal 
number  of  eggs.  After  being  treated  with  the  chemicals,  the  different 
lots  were  transferred  to  plates  of  sugar  beet  agar. 

1.  Placed  the  first  lot  in  a  solution  made  of  one  jyart  of  "Black  Leaf 
40"  to  272  parts  of  water.  This  gave  the  same  dilution  as  used  in  the 
field  experiments. 

2.  Placed  the  second  lot  in  full  strength  "Black  Leaf  40''  for  a  few 
minutes. 

3.  Placed  the  third  lot  in  1-1000  Hg  CU  for  a  few  minutes. 

4.  Placed  the  fourth  lot  in  1-100  commercial  40%  formaldehyde  for 
a  few  minutes. 

5.  Placed  the  fifth  lot  in  1-10  solution  of  40%  formaldehyde  for  a 
few  minutes.  , 
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6.  Placed  the  sixth  lot  in  pure  liquid  carbon  bisulphide  for  a  few 
minutes. 

7.  Exposed  the  seventh  lot  to  carbon  bisulphide  vapor,  over  the  mouth 
of  a  bottle  of  liquid  carbon  bisulphide,  until  all  the  active  larvae  were 
killed.  All  of  these  treatments  were  made  between  3 :00  and  5 :00  P.  M., 
December  23,  1913.   The  results  of  the  treatments  are  given  in  table  I. 


TABLE  I.— ACTIVE  LARVAE  OBSERVED. 


Tmtment  made  Dec.  23. 1013. 

Dec.  24. 

Dec.  25. 

Dec.  28. 

Dec.  27. 

Dec.  28. 

Dec.  31. 

1.  "BlMk  Leaf  40"  1-272  

2.  "Bbwk  Leaf  40"  full  strength 

3.  HgCh  1-1000  

4.  Fonaaldehyde  1-100  

5.  Fonnaldeliyde  MO  

6.  CarboD  bwilph.  liquid  

Twenty 
None 
None 
None 
None 
Three 
None 

Abundant 

Four 
None 
None 
None 
One 
One 

Abundant 
One 
None 
None 
None 
None 
Two 

Abundant 
Two 
None 
None 
None 
One 
Two 

Abundant 
ActkTe 
None 
None 
None 
Active 
Active 

Active 
Active 
None 
None 
None 
Active 
Active 

January  2,  1914,  the  plates  used  above  were  all  cleaned  up.  As  the 
only  means  of  detecting  the  presence  of  active  larvae  on  the  plates  was 
by  examining  them  under  a  microscope,  it  proved  to  be  a  rather  diflflcult 
thing  to  locate  all  of  the  larvae  after  they  had  crawled  away  from  the 
egg  masses.  Although  the  results  of  this  experiment  were  not  entirely 
conclusive  either  for  or  against  the  theory,  it  was  decided  to  continue 
the  work  for  the  purpose  of  collecting  data  before  coming  to  any  definite 
conclusion. 


EXPERIMENT  II.— FORMALDEHYDE  1-100. 


January  7,  1914,  the  writer  dissected  out  about  thirty  egg  masses  from 
knots  on  Primula  roots,  and  placed  them  in  1-100  solution  of  40%  for- 
maldehyde for  one  and  one-half  hours,  and  then  transferred  them  while 
still  wet  to  a  plate  of  potato  agar.  The  results  of  this  treatment  are 
given  in  Table  II. 


TABLE  II.— ACTIVE  LARVAE  OBSERVED. 


Treatment  Jan.  7.  1914. 

Jan.  8. 

Jan.  9. 

Jan.  10. 

Jan.  12. 

Jan.  14. 

Jan. 19. 

Jan.  23. 

Formaldehyde  MOO 

None 

None 

One 

Four 

Active 

Quiet 

Quiet 

EXPERIMENT  III.— FORMALDEHYDE  1-100  AND  1-10. 

January  24,  1914,  a  large  number  of  egg  masses  were  dissected  out 
and  divided  into  two  lots.  Placed  the  first  lot  in  1-100  soltuion  of  40% 
formaldehyde  for  ten  minutes  and  then  transferred  it,  while  still  wet,  to 
a  plate  of  potato  agar.  Placed  the  second  lot  in  1-10  solution  of  40% 
formaldehyde  for  ten  minutes  and  then,  while  still  wet,  tnmsferred  it  to 
a  plate  of  potato  agar.  The  results  of  this  experiment  are  given  in 
Table  III. 
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TABLE  m.— ACTIVE  LARVAE  OBSER\TD. 


Treatment  Jan.  24.  1914. 

Jan.  26. 

Jan.  27. 

Jan.  28. 

Jan.  29.  | 

Jan.  30. 

Feb.  2. 

Feb.  7. 

Formaldehyde  1-100, 

N<»e 

None 

None 

None  ; 

None 

None 

None 

Fonnaldehyde  1-10 

None 

None 

None 

None 

None 

None 

Nooe 

BXPBRIMB3NT  IV. 

January  26,  1914,  dissected  out  a  very  large  number  of  egg  masses  and 
divided  them  into  eight  lots.  Aftfer  treatment  each  lot  was  transferred 
to  a  plate  of  potato  agar. 

1.  Treated  the  first  lot  in  3%  hydrogen  peroxide  for  10  minutes. 

2.  Treated  the  second  lot  in  1-100  solution  of  40%  formaldehyde 
for  10  minutes. 

3.  Treated  the  third  lot  in  1-10  solution  of  40%  formaldehyde  for  3 
minutes. 

4.  Treated  the  fourth  lot  in  40%  formaldehyde  for  10  minutes. 

5.  Treated  the  fifth  lot  in  1-1000  HgClj  for  10  minutes. 

6.  Treated  the  sixth  lot  in  saturated  solution  of  HgClg  for  a  few 
minutes. 

7.  Treated  the  seventh  lot  in  20%  copper  sulphate  for  30  minutes. 

8.  Treated  the  eighth  lot  in  carbon  bisulphide  vapor  for  1%  hours. 


TABLE  IV.— ACTIVE  LARVAE  OBSERVED. 


Treatment  Jan.  26.  1914. 

Jan.  27. 

Jan.  28. 

Jan.  29. 

Jan.  30. 

Jan.  31. 

Feb.l. 

Feb.  3. 

Feb.  4. 

Feb.  5. 

1. 

Peroxide  3%  

15 

Abund. 

Abund. 

Abund. 

Abund. 

Abund. 

Abund. 

Abund. 

Abund. 

2. 

None 

None 

None 

None 

None 

None 

None 

Nooe 

Nooe 

3. 

Fonnaldehyde  1-10  

None 

None 

None 

None 

None 

None 

None 

None 

Nooe 

4. 

Fonnaldehyde  40%  

None 

None 

None 

None 

None 

None 

None 

None 

Nooe 

6. 

HgCli  1-1000  

None 

None 

None 

One 

One 

One 

One 

One 

One 

8. 

HgClf  Sat.  Sol  

None 

None 

None 

None 

None 

None 

None 

None 

Nooe 

7. 

CuSO*20%  

None 

None 

None 

None 

None 

None 

None 

None 

Nooe 

8. 

Carbon  bisulphule  

None 

None 

None 

None 

None 

None 

None 

None 

Nooe 

BXPEBIMBNT  V. 

February  2,  1914,  dissected  out  a  large  number  of  egg  masses  from 
knots  on  tomato  roots  and  divided  them  into  eight  lots.  After  treat- 
ment each  lot  was  transferred  to  a  plate  of  lima  bean  agar. 

1.  Treated  the  first  lot  in  3%  hydrogen  peroxide  for  30  minutes. 

2.  Treated  the  second  lot  in  1-100  solution  of  40%  formaldehyde  for 
15  minutes. 

3.  Treated  the  third  lot  in  1-10  solution  of  40%  formaldehyde  for  15 
minutes. 

4.  Treated  the  fourth  lot  in  40%  formaldehyde,  full  strength  for  15 
minutes. 

5.  Treated  the  fifth  lot  in  1-1000  Hg  Cl^  for  15  minutes. 

6.  Treated  the  sixth  lot  in  a  saturated  solution  of  Hg  Clj  for  30 
minutes. 

7.  Treated  the  seventh  lot  in  20%  copper  sulphate  for  forty-five 
minutes. 
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8.  Treated  the  eighth  lot  in  carbon  bisulphide  vapor  for  17  hours. 
The  results  of  this  experiment  are  given  in  Table  V. 


TABLE  v.— ACTIVE  LARVAE  OBSERVED. 


TKatiiieDtFeb.2.m4. 

Feb.  3. 

Feb.  4. 

Feb.  5. 

Feb.  6. 

Feb.  7. 

Feb.  9. 

Feb.  10. 

1.  FkroKide3%  

7 

70 

Many 

Many 

Many 

Quiet 

Appeared  dead 

2.  FoninUehyde  1-100. . 

None 

1 

4 

21 

Abundant 

Abundant 

Abundant 

k  Formaldehyde  1-10... 

None 

None 

None 

None 

N(nte 

None 

None 

4.  Formaldehyde  40%. . 

None 

None 

None 

None 

None 

None 

None 

fi.  HgCIt  1-1000  

1 

1 

1 

1 

1 

None 

None 

None 

None 

None 

None 

None 

None 

None 

7.  Cn8O€20%  

None 

2 

2 

7 

Abundant 

Quiet 

Appeared  dead 

8.  CarfooQ  biaul.  vapor. 

None 

None 

None 

None 

None 

None 

None 

February  10,  1914,  all  of  the  plates  of  the  above  series  were  cleaned 
up  except  the  1-100  solution  of  40%  formaldehyde.  This  plate  was  ob- 
served from  time  to  time  to  see  how  long  the  larvae  would  remain  alive. 
March  30,  1914,  active  larvae  were  observed. 


EXPERIMENT  VI. 

February  28,  1914,  dissected  out  many  egg  masses  and  divided  them 
into  four  lots.  After  treatment,  each  lot  was  transferred  to  a  plate  of 
potato  agar,  and  the  plates  sealed  shut  with  paraffin. 

1.  Treated  the  first  lot  by  rinsing  it  in  boiled  tap  water. 

2.  Treated  the  second  lot  in  1-100  solution  of  40%  formaldehyde  for 
3  minutes. 

3.  Treated  the  third  lot  in  1-25  solution  of  40%  formaldehyde  for  3 
nainutes. 

4.  Treated  the  fourth  lot  in  1-10  solution  of  40%  formaldehyde  for  3 
minutes.   The  results  of  these  experiments  are  given  in  Table  VT. 


TABLE  VI.— ACTIVE  lARVAE  OBSERVED. 


Tieatment  Feb.  28. 1914. 

March  1. 

March  2. 

March  3. 

March  4. 

March  6. 

1.  Boiled  water  

2.  Formaldehyde  MOO  

3.  Formaldehyde  1-25  

4.  Formaldehyde  1-10  

Larvae  present 
None 
None 
None 

Larvae  present 
None 
None 
None 

Larvae  present 
None 
None 
None 

Larvae  present 
None 
None 
None 

im 

As  the  conditions  under  which  these  laboratory  experiments  were  be- 
ing conducted  differed  greatly  from  those  in  the  field,  it  was  concluded 
that  possibly  one  or  more  of  these  factors  was  influencing  the  results, 
thus  making  the  laboratory  results  very  inconclusive.  Perhaps  the  most 
obvious  difference  between  the  laboratory  and  the  field  experiments  was 
the  surroundings  of  the  nematodes  and  eggs  after  treatment.  In  the  field 
experiments  the  eggs  were  in  the  soil  where  plenty  of  air  and  moisture 
could  get  to  them  to  dilute  the  various  chemicals  applied.  In  the  labora- 
tory experiments  the  eggs  were  enclosed  in  petri  dishes  which  tended  to 
keep  out  the  air  and  moisture,  and  to  keep  in  the  volatile  chemicals.  This 
was  especially  true  when  the  plates  were  sealed  with  paraflSn.  If  petri 
dishes  did  act  as  an  important  factor  in  causing  the  chemicals  to  in- 
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hibit  nematode  egg  development,  it  was  thought  that  this  influence  might 
be  even  greater  if  the  containing  vessel  were  smaller  and  more  tightly 
sealed.  To  test  this  point,  we  decided  to  run  a  series  of  treatments  in 
culture  slides  instead  of  petri  dishes. 


BCKPERIMBNT  VII. 

March  7, 1914,  dissected  out  a  large  number  of  egg  masses  from  infest- 
ed roots  and  divided  them  into  eleven  lots  of  about  3,000  eggs  eacL 
After  treatment  each  lot  was  transferred  to  a  cover  glass  and  sealed  down 
over  a  culture  slide. 

I,  2  and  3.  The  first  three  lots  were  rinsed  in  sterile  water  and  served 
as  checks  on  the  treatments. 

4.  Treated  the  fourth  lot  in  3%  hydrogen  peroxide  for  a  short  time. 

5.  Treated  the  fifth  lot  in  1-100  solution  of  40%  formaldehyde  for  a 
short  time. 

6.  Treated  the  sixth  lot  in  1-25  solution  of  40%  formaldehyde  for  a 
short  time. 

7.  Treated  the  seventh  lot  in  1-10  solution  of  40%  formaldehyde  for 
a  short  time. 

8.  Treated  the  eighth  lot  in  40%  formaldehyde  for  a  short  time. 

9.  Treated  the  ninth  lot  in  1-1000  Hg  Clj  for  a  short  time. 

10.  Treated  the  tenth  lot  in  pure  liquid  carbon  bisulphide  for  a  short 
time. 

II.  Placed  the  eleventh  lot  on  a  cover-glass  and  exposed  it  to  carbon 
bisulphide  vapor  for  ten  minutes. 

The  results  of  these  experiments  are  given  in  table  VII. 


TABLE  VII.-ACn\T  LARVAE  OBSERVED. 


Treatment  March  7.  1914. 


March  8.   ,   March  a.      March  10.     March  11.     March  12.  I    March  13. 


1.  Sterile  water  

2.  Sterile  water  

3.  Sterile  water  

4.  Peroxide  3%  

5.  Formaldehyde  1-100 
8.  Formaldehyde  1-25.. 

7.  Formaldehyde  1-10 

8.  Formaldehyde  40% 

9.  HgCli  1-1000  

10.  Carbonbisttl.  liq..  . 

1 1 .  Carbon  bisul.  vapor . 


Very  many  ' 
Very  many 
Very  many 
Very  many 
14 
None  I 
None  j 
None  I 
Very  many  i 
None  I 
One 


Very  many 
Very  many 
Very  noany 
Very  many 
None 
Nome 
None 
None 
Very  many 
None 
N<»e 


Very  many 
Very  many 
Very  many 
All  ouiet 
None 
None 
None 
None 
Used  for  a 
None 
Two 


Very  many 
Very  many 
Very  many 
Quiet 
None 
None 
None 
None 
culturing  ex 
None 
None 


Very 
Very  many 
Very  many 
Quiet 
None 
None 
None 
None 
periment. 

None 
None 


Diaeantinued 
DiflCQotiiiiied 
Diacontinaed 
Diaeootinued 
Dueontinued 
DiieontiBued 
Dioeontinued 
DiscoDtinued 

Disoontinued 
Disoontinued 


With  the  exception  of  the  1-1000  Hg.  CI  2  treatment,  the  various  chemi- 
cals all  produced  more  or  less  of  an  inhibitory  effect  on  the  eggs.  And, 
even  where  the  eggs  did  hatch,  as  in  the  1-100  formaldehyde  and  the 
carbon  bisulphide  vapor  treatment,  the  larvae  soon  died.  From  this 
latter  fact,  it  would  appear  that  chemicals  were  still  present  in  the  sealed 
culture  slides  to  such  an  extent  as  to  be  intolerable  to  the  larvae.  The 
large  numbei-s  of  larvae  that  hatched  from  eggs  in  the  check  slides  would 
seem  to  show  that  the  chemicals  were  exerting  a  great  influence.  This 
and  the  previous  experiments  with  closed  vessels  pointed  quite  strongly 
toward  the  surroundings  as  an  important  factor  in  our  laboratory  ex- 
periments. 

In  order  to  see  whether  the  exception,  in  the  case  of  the  1-1000  Hg  Clj 
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treatment  of  our  last  experiment,  was  a  normal  one,  it  was  decided  to 
repeat  this  part  of  the  experiment. 

EXPERIMENT  VIII. 

March  9,  1914,  dissected  out  a  number  of  egg  masses  and  placed  them 
in  1-1000  Hg  CI2  for  two  minutes.  The  egg  masses  were  then  transferred 
to  drops  of  agar  on  four  cover  glasses,  and  sealed  down  over  four  cul- 
ture slides.  The  results  of  this  experiment  are  given  in  Table  VIII. 


TABLE  MIL— ACTIVE  LARVAE  FOUND. 


Treatment  March  9, 1914. 

March  10. 

March  11. 

March  12. 

MaKh  13. 

Very  many 
Very  many 
Very  many 
Very  many 

Very  many 
Abundant 
Used  for  0 
Used  for  c 

Abundant 
Abundant 
ultunng  expe 
ulturing  expe 

AU  qukt 
All  quiet 

riment. 

riment. 

HgCU  1-1000  

The  results  of  this  experiment  appeared  to  verify  those  of  the  pre- 
vious experiment,  and  to  show  that  a  short  exposure  to  1-1000  Hg  Olg 
does  not  keep  the  nematode  eggs  from  hatching. 

As  it  now  seemed  probable  that  the  various  chemicals  exerted  an  in- 
hibitory effect  in  closed  vessels,  it  was  decided  that  data  should  next 
be  obtained  on  treatments  conducted  under  conditions  more  nearly  like 
those  present  in  the  soil  of  the  field  experiments.  To  accomplish  this,  the 
egg  masses  were  placed  after  treatment  in  tubes  of  agar,  closed  only  by 
cotton  plugs.  A  synthetic  agar  medium  was  prepared  by  adding  one  and 
two-tenths  per  cent  of  powdered  agar  and  one  per  cent  of  glucose  to 
Pfeffer's  nutrient  plant  solution.  This  on  being  sterilized  and  cooled, 
solidified  into  a  solid  medium,  through  which  one  could  easily  see.  A 
number  of  tubes  of  this  medium  were  prepared,  using  about  ten  c.  c.  to 
a  tube. 

EXPERIMENT  IX. 

March  14,  1914,  dissected  out  a  large  number  of  egg  masses  from  root- 
knots  and  divided  them  into  twelve  lots.  After  treatment,  each  lot  was 
transferred  to  a  tube  of  synthetic  agar  w^hile  it  was  still  wet  with  the 
solution  in  which  it  had  been  treated. 

1.  Placed  the  first  lot  in  1-100  solution  of  40%  formaldehyde  for  a 
few  minutes. 

2.  Placed  the  second  lot  in  1-25  solution  of  40%  formaldehyde  for  a 
few  minutes. 

3.  Placed  the  third  lot  in  1-10  solution  of  40%  formaldehyde  for 
a  few  minutes. 

4.  Placed  the  fourth  lot  in  full  strength  40%  formaldehyde  for  a  few 
minutes. 

5.  Placed  the  fifth  lot  in  1-500  Hg  Clj  for  a  few  minutes. 

6.  Placed  the  sixth  lot  in  1-200  Hg  CI2  for  a  few  minutes. 

7.  Placed  the  seventh  lot  in  1-100  Hg  Ch  for  a  few  minutes. 

8.  Placed  the  eighth  lot  in  full  strength  "Black  Leaf  40"  for  a  short 
time. 

9.  Placed  the  ninth  lot  in  full  strength  lime-sulfur,  31-32°  B.,  for  a 
few  minutes.  ^  j 
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10.  Placed  the  tenth  lot  in  the  same  lime-sulfur  as  the  ninth  lot. 
After  being  in  this  solution  for  a  few  minutes,  the  egg  masses  were 
transferred  to  a  drop  of  synthetic  agar  on  a  cover  glass  and  sealed  down 
over  a  culture  slide  instead  of  being  placed  in  a  tube  of  synthetic  agar. 

11.  Placed  the  eleventh  lot  in  full  strength  commercial  sulphuric  acid 
for  a  few  minutes,  and  then  transferred  it  to  a  slide  of  agar. 

12.  Placed  the  twelfth  lot  in  1-100  sulphuric  acid  for  a  few  minutes. 
The  results  of  this  experiment  are  given  in  Table  IX. 

TABLE  IX.~ACTIVE  LARVAE  OBSERVED. 


Treatment  March  14. 1914. 


Veaael 
No.  of 


used. 


Mar.  15. 


Mar.  18. 


Mar.  17. 


Mar.  18. 


Mar.  20. 


Mar.  22. 


Mar.  24. 


1.  Formaldehyde  1-100  

2.  Formaldehyde  1-25  

3.  Formaldehyde  1-10  

4.  Formaldehyde  40%  

5.  HgClf  1-500  

C.  HgCli  1-200  

7.  HgCli  1-100  

8.  *'BIk  Lf.  40**  full  strength 

9.  Lime  sul.  full  strength  

10.  Lfane  sul.  full  strength  

11.  full  strength  

12.  H^4 1-100  


Tube 
2000 
Tube 
3000 
Tube 
3000 
Tube 
3000 
Tube 
3500 
Tube 
2000 
Tube 
2000 
Tube 
3000 
Tube 
3000 
Slide 
3000 
Slide 
3000 
Slide 
3000 


Abund. 
None 
One 

None 
Very 

many 
Very 

many 

Many 
Very 
many 

One 

None 

N<Hie 

None 


Abund. 
Abund. 
Abund. 

None 
Very 

many 
Very 

many 

Many 
Very 


Abund. 
None 
None 
None 


Abund. 
Abund. 
Abund. 

None 
Very 

many 
Very 

many 

Many 
V«y 
many 


Abund. 
Abund. 
Abund. 


Abund. 

Abund. 
Very 
many 

Two 

Very 

many 
Very 

many 

Many 
Veiy 


Abund. 

Abund. 
Veiy 
many 

Abund. 
Very 

many 
V«y 

many 

Many 

Veiy 
many 


Abond. 
None  actire 
Very  many 
Venrmaoy 
Many 


None 
None 
None 


None 
Ncme 
None 


Abund. 
None 
None 
None 


1 


Many 
NooeaotiTe 
NoneactiTe 
None 
None 
None 


The  results  of  this  experiment  as  a  whole,  are  so  different  from  those 
of  any  of  the  previous  tests  that  one  is  strengthened  in  the  opinion  that 
the  containing  vessel  must  have  been  a  factor  influencing  the  results. 
From  the  table,  it  will  be  noted  that  the  treatments  which  allowed  little 
or  no  hatching  were  those  where  sealed  slides  were  used  instead  of  test 
tubes.  The  lime-sulfur  treatments  give  a  good  comparison  of  the  dif- 
ference due  to  the  vessel  used,  because  all  other  conditions  were  about 
the  same.  By  referring  to  Experiment  IX,  it  will  be  seen  that  the  egg 
masses  were  all  subjected  to  the  same  treatment  with  lime-sulfur,  and 
then  3,000  eggs  were  placed  in  a  tube  of  synthetic  agar  and  3,000  were 
placed  on  a  drop  of  synthetic  agar  and  sealed  down  over  a  hollow  slide. 
Abundant  lanae  hatched  from  the  eggs  in  the  tube,  while  none  hatched 
from  an  equal  number  of  eggs  in  a  culture  slide.  The  amount  of  agar 
used  might  be  considered  as  an  important  factor  in  bringing  out  the 
difference  in  the  result,  but  by  referring  to  the  earlier  experiments,  it 
will  be  seen  that  where  one  tube,  ten  c.  c,  of  agar  was  spread  out  over 
a  plate,  there  was  about  the  same  inhibitory  effect  as  in  the  sealed  slide 
with  one  drop  of  agar. 

This  comparison  of  the  type  of  vessel  used  was  made  for  the  purpose 
of  trying  to  account  for  the  great  difference  between  the  results  obtained 
in  the  early  experiments  and  those  of  later  trials.   In  the^arly  ones  was 
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noted  a  large  per  cent  of  inhibition  of  hatching,  while  in  the  later  ex- 
periments, there  was  almost  no  inhibition  from  treatments  with  the  same, 
and  also  with  much  stronger  chemicals.  In  order  to  get  further  data 
on  the  inhibitory  power  of  sulphuric  acid,  as  compared  with  the  other 
chemicals  used,  it  was  decided  to  repeat  this  treatment,  using  tubes  of 
agar  instead  of  slides. 

BXPiaiXMBJNT  X. 

March  16, 1914,  dissected  out  a  large  number  of  egg  masses  and  divided 
them  into  three  lots.  These  lots  were  treated  for  a  few  minntes  in  1-100 
H2SO4,  I-5OH2SO4,  and  1-25  H28O4,  respectively,  and  then  transferred, 
while  still  wet,  to  three  tubes  of  synthetic  agar.  The  results  of  this 
exi)eriment  are  recorded  in  Table  X. 


TABLE  X.— ACTIVE  LARVAE  OBSERVED. 


Treatment  March  16.  1014. 

Number  of 
eggs  used. 

March  17. 

March  10. 

March  20. 

1-100  

5000 
5000 
5000 

Abundant 
Abundant 
Very  numy 

Abundant 
Very  many 
Very  many 

Abundant 
Very  many 
Very  many 

H^04  1-50  

H^4l-25  

The  results  of  this  experiment  would  seem  to  show  that  even  quite 
strong  sulphuric  acid  solutions  have  no  more  of  an  inhibiting  power 
than  the  other  chemicals  used,  when  the  conditions  are  made  the  same. 


EXPERIMENT  XI. 


This  experiment  was  made  for  the  purpose  of  determining  the  rela- 
tive value  of  carbon  bisnlphide.  March  20,  1914,  about  twelve  thousand 
eggs  were  dissected  out  from  knots  on  lettuce,  squash  and  tomato  roots, 
and  divided  into  two  lots  of  six  thousand  eggs  each.  The  first  lot  was 
placed  in  pure  liquid  carbon  bisulphide  for  a  few  minutes,  and  then 
transferred,  while  still  wet,  to  a  tube  of  synthetic  agar.  The  second  lot 
was  placed  on  a  hollow  slide,  and  the  slide  was  then  inverted  over  the 
mouth  of  a  bottle  of  carbon  bisulphide.  After  being  exposed  to  the 
strong  vapor  for  twenty  minutes,  the  egg  masses  were  transferred  from 
the  slide  to  a  tube  of  synthetic  agar.  The  results  of  this  experiment  are 
given  in  Table  XI. 

T.\BLE  XT.— ACTI\^  LARVAE  OBSERVED. 


Treatment  March  20.  1014. 

Number  of 
eggR  Uficd. 

March  21. 

March  22. 

March  25. 

6000 
6000 

Twelve 
Many 

Abundant 
Many 

Abundant 
Abundant 

 .  L  

From  these  results  it  was  concluded  that  treatments  with  carbon  bi- 
sulphide, such  as  the  above,  do  not  materially  inhibit  the  hatching  of  the 
nematode  eggs. 
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In  all  of  those  experiments  with  tnbes  of  media,  the  synthetic  agar 
was  used.  This  medium  gave  a  substratum  as  nearly  like  that  of  the 
soil  as  could  be  obtained  and  still  have  it  clear  enough  to  examine  un- 
der a  microscope,  to  determine  the  presence  of  larvae.  One  of  the  ques- 
tions that  come  to  mind  in  the  use  of  this  synthetic  medium,  was  that  of 
the  possible  effect  of  the  various  salts  of  the  medium  on  the  chemicals 
used  in  the  treatments.  Did  not  these  various  salts  tend  to  act  on  cer- 
tain of  the  chemicals  so  as  to  make  them  lose  their  power  to  inhibit  the 
hatching  of  the  nematode  eggs?  If  this  occurred  in  the  synthetic  me- 
dium, one  might  conceive  that  it  also  occurred  in  the  soil  and  thus  might 
partially  account  for  the  failure  of  certain  field  experiments.  To  ob- 
tain data  on  this  point,  it  was  decided  to  run  a  series  of  treatments  on  a 
medium  as  free  from  these  various  nutrient  salts  as  could  be  obtained. 
The  best  medium  that  could  be  devised  for  this  purpose  was  a  plain  agar 
made  of  distilled  water  stiffened  up  with  1.5%  of  powdered  agar.  A 
number  of  tubes  of  this  medium  were  made,  using  about  ten  c.  c.  to  a 
tube. 

EXPERIMENT  XII. 

March  21,  1914,  a  large  quantity  of  eggs  was  dissected  from  knots  on 
roots  of  lettuce  and  squash  plants,  and  divided  into  twelve  lots.  After 
treatment  each  lot  was  transferred  to  a  tube  of  plain  agar. 

1.  Placed  the  first  lot,  of  3000  eggs,  in  liquid  carbon  bisulphide  for 

a  few  minutes. 

2.  Placed  the  second  lot,  of  5000  eggs,  on  a  cover  glass  and  inverted 

it  over  the  mouth  of  a  bottle  of  carbon  bisulphide  for  six  and 
one-quarter  hours.  On  removal  from  the  bottle  the  egg  masses 
were  found  to  be  very  dry  and  hard. 

3.  Placed  the  third  lot,  of  4000  eggs,  in  1-100  Hg  Clj  for  a  few 

minutes. 

4.  Placed  the  fourth  lot,  of  3000  eggs,  in  a  20%  solution  of  Cu  SO^ 

for  a  few  minutes. 

5.  Placed  the  fifth  lot,  of  5000  eggs,  in  full  strength  lime-sulfur  31  to 

32°  B.  for  a  few  minutes. 

6.  Placed  the  sixth  lot,  of  3000  eggs,  in  1-100  H.SO^  for  a  few 

minutes. 

7.  Placed  the  seventh  lot,  of  3000  eggs,  in  1-50  HjSO^  for  a  few 

minutes. 

8.  Placed  the  eighth  lot,  of  3000  eggs,  in  1-25  HoSO^  for  a  few  min- 

utes. 

9.  Placed  the  ninth  lot,  of  3000  eggs,  in  full  strength  H2SO4  for  a  few 

minutes. 

10.  Placed  the  tenth  lot,  of  2000  eggs,  in  1-100  solution  of  40%  formal- 

dehyde for  a  few  minutes. 

11.  Placed  the  eleventh  lot,  of  3000  eggs,  in  1-25  solution  of  40% 

formaldehyde  for  a  few  minutes. 

12.  Placed  the  twelfth  lot,  of  3000  eggs,  in  1-10  solution  of  400% 

formaldehyde  for  a  few  minutes. 

The  results  of  this  experiment  are  given  in  Table  XII. 
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TABLE  XII.— ACTIVE  LARVAE  OBSERVED. 


TmtnMiit  March  21,  1414. 

No.  of 
eg0B  used. 

March  22. 

March  23. 

March  24. 

March  25. 

March  26. 

March  27. 

1.  Liq.  carbon  Insulphide 

3000 

None 

None 

None 

One 

One 

Abundant 

2.  Vapor     carbon  bi- 

sulphide   

5000 

None 

None 

None 

None 

None 

None 

3.  HgCh  1-100  

4000 

None 

None 

None 

Two 

Many 

Many 

4.  CuSOi  20%  solution... 

3000 

None 

None 

Abundant 

Abundant 

Many 

Many 

5.  Lime-euif.  full  strength. 

5000 

None 

■  None 

None 

None 

Abundant 

Many 

6.  HtSOi  1-100  

3000 

Abundant 

Abundant 

Used  far  cu 

Ituring  ezperi 

mcnt. 

7.  HjSOil-50  

3000 

Very  many 

Very  many 

U«ed  for  cu 

Ituring  expeii 

ment. 

8.  H«SOil-25  

3000 

None 

None 

None 

None 

Abundant 

Abundant 

9.  HsSOifnlUtrength  ... 

3000 

None 

None 

None 

None 

None 

None 

10.  Formaldehyde  1-100... 

2000 

None 

Abundant 

Very  many 

Very  many 

Very  many 

Very  many 

11.  Formaldehyde  1-25  .  . . 

3000 

None 

One 

Two 

Abundant 

Very  many 

Very  many 

12.  Formaldehyde  1-10.... 

3000 

None 

None 

Abundant 

Abundant 

Many 

Many 

With  the  exception  of  the  carbon  bisulphide  vapor  treatment  for  six 
and  one-quarter  hours,  and  the  full  strength  sulphuric  arid  treatment, 
it  will  be  observed  that  the  results  of  the  various  treatments  of  this  ex- 
periment correspond  with  those  of  the  previous  experiments,  where  tubes 
of  agar  were  used.  As  there  was  no  more  inhibition  of  hatching  in 
this  last  experiment,  where  plain  agar  was  used,  than  in  the  other  tests, 
where  synthetic  agar  was  employed,  it  would  seem  that  the  various  salts 
of  the  synthetic  agar  did  not  reduce  the  inhibitory  powers  of  the  chemi- 
cals used  in  the  treatments. 

EXPERIMENT  XIII. 

It  was  thought  advisable  to  repeat  the  carbon  bisulphide  treatments 
to  get  more  definite  data  than  the  previous  experiments  had  supplied. 
March  23,  1914,  dissected  a  number  of  egg  masses  from  knots  on  lettuce 
roots,  and  divided  them  into  three  lots.  After  treatment,  each  lot  was 
transferred  to  a  tube  of  synthetic  agar  while  still  wet. 

1.  Placed  the  first  lot  in  pure  liquid  carbon  bisulphide  for  a  few  min- 

utes. 

2.  Placed  the  second  lot  in  carbon  bisulphide  vapor  for  one  hour. 

3.  Exposed  the  third  lot  to  strong  carbon  bisulphide  vapor  for  six- 

teen and  one-half  hours. 

The  results  of  this  experiment  are  given  in  Table  XIII. 


TABLE  XIII.— ACTIVE  LARVAE  OBSERVED. 


Treatment  March  23. 1014. 

No.  of 
eggs  used. 

Mar.  24. 

Mar.  25. 

Mar.  20. 

Mar.  27.|     Mar.  31. 

April  3. 

3.  Carbon  Bisulphide  ywpar  16^  hours. . . 

5000 
6000 
6000 

Many 

One 
None 

Manv 
Abund. 
None 

Manv 
Abund. 
None 

Many 
Abund. 
None 

Discontinued 
Many 
None 

DiBContinued 
Many 
None 

In  the  case  of  the  liquid  treatment  and  the  vapor  treatment  for  one 
hour,  it  will  be  observed  that  abundant  larvae  subsequently  hatched  from 
the  eggs,  while  none  hatched  from  the  eggs  exposed  to  the  carbon  bi- 
sulphide vapor  for  sixteen  and  one-half  hours.   From  this  it  wpuld  ap- 
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pear  that  the  longer  exposure  to  the  carbon  bisulphide  vapor  was  the 
only  cause  of  this  difference.  It  was  observed,  however,  that  the  egg 
masses  dipped  in  liquid  carbon  bisulphide,  and  those  exposed  to  the 
vapor  for  one  hour  did  not  become  dried  out  as  did  those  exposed  to  the 
vapor  for  sixteen  and  one-half  hours.  This  observation  caused  us  to 
raise  the  question  as  to  what  effect  the  loss  of  water  might  have  on  the 
results. 

EXPERIMENT  XIV. 

March  24,  1914,  dissected  out  a  quantity  of  egg  masses  from  knots  on 
lettuce  roots  and  placed  them  in  a  culture  slide.  The  slide  was  then 
placed  on  the  window  sill  at  room  temperature  and  left  there  until  the 
next  day.  March  25,  1914,  after  eighteen  and  one-half  hours  of  such  ex- 
posure, the  egg  masses  which  had  dried  down  to  small,  hard  lumps,  were 
transferred  to  a  tube  of  synthetic  agar.  The  results  of  this  experiment 
are  given  in  Table  XIV. 


TABLE  XIV.— ACTIVE  LARVAE  OBSERVED. 


Treatment  March  24-25.  1914. 

No.  of 
eggs  uaed. 

.  March  26. 

March  27. 

March  28. 

Marrh  31. 

Aprils. 

10.000 

None 

None 

None 

None 

None 

As  the  egg  masses  had  no  surface  disinfection,  they  were  not  free 
from  viable  fungus  spores,  so  by  March  31,  1914,  the  surface  of  the  me- 
dium was  so  over-run  by  fungi  that  the  egg  masses  could  no  longer  be 
distinctly  seen.  The  result  of  this  experiment  is  the  same  as  that  of 
the  long  exposure  to  carbon  bisulphide  vapor;  so  it  would  appear  that 
the  drying  which  the  egg  masses  underwent  in  the  vapor  treatment, 
might  have  had  some  inhibitory  effect. 

In  looking  over  the  data  on  some  of  the  earlier  experiments,  it  was 
observed  that  in  many  cases  the  writer  had  subjected  the  egg  masses  to 
the  chemicals  for  longer  periods  of  time  than  in*  the  later  experiments. 
It  was  thought  that  this  longer  exposure,  ten  to  thirty  minutes,  might 
have  caused  the  difference  in  results.  To  test  this  point  it  was  decided 
to  run  a  series  of  treatments  in  which  the  egg  masses  should  be  exposed 
for  thirty  minutes  or  more  to  the  chemical  used,  before  being  transferred 
to  the  tubes  of  agar. 

EXPERIMENT  XV. 

March  30,  1914,  a  large  number  of  egg  masses  were  dissected  from 
knots  on  squash  and  tomato  roots  and  divided  into  seven  lots.  After 
treatment,  each  lot  was  transferred  to  a  tube  of  synthetic  agar. 

1.  Placed  the  first  lot,  of  5000  eggs,  in  31-32**  B.  lime-sulfnr  for 

thirty  minutes. 

2.  Placed  the  second  lot,  of  5000  eggs,  in  full  strength  "Black  Leaf 

40"  for  thirty  minutes. 

3.  Placed  the  third  lot,  of  3000  eggs,  in  1-100  solution  of  40%  formal- 

dehyde for  forty-five  minutes. 
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4.  Placed  the  fourth  lot,  of  5000  eggs,  in  1-25  solution  of  40%  for- 

maldehyde for  forty-five  minutes. 

5.  Placed  the  fifth  lot,  of  5000  eggs,  in  1-10  solution  of  40%  formal- 

dehyde for  thirty  minutes. 

6.  Placed  the  sixth  lot,  of  5000  eggs,  in  20%  CuSO^  for  thirty 

minutes. 

7.  Placed  the  seventh  lot,  of  5000  eggs,  in  1-50  H2SO4  for  thirty 

minutes. 

The  results  of  this  experiment  are  given  in  Table  XV. 


TABLE  XV.— ACTIVE  LABVAE  OBSERVED. 


TreatmeotB 
March  30. 1914. 

No.  of 
eggs 
used. 

Mar.  31. 

April  !. 

Aiiril2. 

April  3. 

April  4. 

April  5. 

April  6. 

April  7. 

LimeHBulfr.  31-32°  B. 

5000 

None 

None 

One 

None 

None 

Ten 

Abundant 

Abundant 

2! 

"Bbck  Lf.  40"  full 

5000 

None 

None 

None 

None 

None 

Two 

None  active 

None  active 

3. 

Fonukleliyde  MOO. 

3000 

None 

One 

Abund. 

Abund. 

Abund. 

Abund. 

Abundant 

Abundant 

4. 

Formaldehyde  1-25. 

5000 

None 

None 

None 

Abund. 

Abund. 

Abund. 

Abundant 

Abundan'. 

5. 

FormaUkhyde  1-10.. 

5000 

None 

None 

None 

N(Mie 

None 

12 

Abundant 

Abundant 

6. 

r«SO4  20%  

5000 

None 

None 

None 

7 

Abund. 

Abund. 

Abundant 

Abundant 

7. 

HiSO*  1-50  

5000 

5 

Abund.  •  Abund. 

Abund. 

Abund. 

Abund. 

Abundant 

Discontinued 

In  the  case  of  the  lime-sulfur  and  the  "Black  Leaf  40"  treatments, 
the  smaller  number  of  active  larvoe  recorded  was  due  to  the  fact  that 
the  medium  was  so  clouded  by  the  treatments  that  larvae  could  not  be 
distinguished  unless  they  crawled  up  on  the  sides  of  the  tubes  above  the 
substratum.  From  the  result  of  this  experiment,  it  would  seem  that  the 
longer  exposure  to  the  chemicals  does  hot  affect  the  ability  of  the  eggs 
to  hatch. 

In  attempting  to  subject  the  eggs  to  the  same  conditions  that  they  are 
under  in  the  actual  soil  treatments,  it  would  appear  that  they  should  be 
exposed  to  the  chemical  for  only  a  short  time.  In  soil  treatments  we 
cannot  conceive  of  the  eggs  being  subjected  to  the  chemical  except  just 
during  the  period  when  the  solution  is  passing  down  through  the  soil 
directly  after  being  applied  at  the  surface.  The  various  vapor  treat- 
ments are  exceptions  to  the  above  statement  because  they  exert  an  influ- 
ence throughout  the  time  they  are  present  in  the  soil. 

SUMMARY  OF  THE  LABORATORY  EXPERIMENTS. 

Although  the  number  of  exi)eriments  conducted  so  far  is  not  great,  the 
number  of  eggs  used  in  each  experiment  was  so  large  that  we  feel  justi- 
fied in  drawing  certain  conclusions  from  the  results.  The  results  of  the 
earlier  experiments  were  somewhat  erratic;  but  taken  as  a  whole,  this 
series  leads  one  to  conclude  that  the  chemicals  used  cannot  be  depended 
upon  to  control  the  root-knot  nematode,  because  they  do  not  completely 
inhibit  the  hatching  of  the  eggs.  We  do  not  feel  justified  in  concluding 
that  this  is  the  only  reason  for  the  failure  of  the  chemical  treatments  in 
the  field  experiments,  because  we  have  not  as  yet  collected  sufficient 
data  on  the  other  theories  to  draw  any  definite  conclusions  regarding 
them.  Stone  and  Smith  (6)  found  that  chemicals  failed  to  inhU)it  thq 
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development  of  the  eggs  of  certain  free-living  nematodes.  The  re- 
sults of  the  above-mentioned  workers,  together  with  those  obtained  by  the 
writer  with  the  eggs  of  the  parasitic  nematode,  fl*efero<fera  ra<fieico7a,  in- 
dicate that  further  work  along  this  line  may  establish  the  fact  that  the 
other  parasitic  nematodes  will  be  able  to  survive  soil  treatments  with 
chemicals  for  the  same  reason,  namely,  that  the  egg  stage  in  the  life  cycle 
is  resistant  to  the  chemicals. 


DATA  ON  STEAM  STERILIZATION  OP  SOIL. 

During  the  summer  of  1913  it  had  been  intended  to  conduct  experi- 
ments on  the  control  of  the  root-knot  nematode  by  steam  sterilization, 
but  it  was  impossible  to  get  a  steam  boiler  for  a  sufficient  length  of  time 
to  prepare  complete  experiments.  The  writer  did  succeed  in  getting  a 
boiler  for  one  day,  and  so  was  able  to  collect  some  data  relative  to  the 
depth  to  which  the  soil  could  be  heated  in  a  given  length  of  time  with 
equipment  such  as  he  had.  The  method  and  results  of  this  work  as 
given  below,  will  give  an  idea  of  the  value  of  steiim,  but  these  results 
are  not  sufficient  to  serve  as  a  basis  for  definite  recommendations.  A 
pan  ten  feet  six  inches  long,  three  feet  wide,  and  six  inches  deep,  was 
used  in  this  work.  Steam  was  furnished  by  a  ten  horsepower  boiler 
kept  at  a  pressure  of  seventy  pounds.  The  soil  to  be  treated  was  first 
thoroughly  spaded  up  to  loosen  it  to  facilitate  the  penetration  of  the 
steam. 

In  order  to  get  data  on  the  depth  to  which  the  steam  penetrated,  po- 
tatoes were  placed  in  the  soil  at  three  places,  viz.,  at  the  end  of  the  pan 
where  the  steam  entered,  at  the  opposite  end,  and  at  the  middle.  Hole^ 
eighteen  inches  deep  were  dug  and  stakes  set  in  them  to  mark  the  loca 
tion  of  the  potatoes.  One  potato  was  placed  at  the  bottom  of  each  hole, 
eighteen  inches  below  the  surface,  and  the  soil  was  shoveled  in  until 
the  holes  were  twelve  inches  deep.  At  this  depth  potatoes  were  placed  in 
each  hole  and  soil  shoveled  in  until  the  holes  were  six  inches  deep.  Po- 
tatoes were  placed  in  each  hole  at  this  depth,  and  then  the  holes  were 
filled  until  they  were  but  three  inches  deep.  Potatoes  were  placed  at 
this  depth  and  the  holes  were  then  filled  up  until  the  soil  was  level  over 
the  whole  plot.  The  pan  was  then  connected  up  with  the  boiler  and  the 
steam  turned  on.  In  about  fifteen  minutes  the  steam  began  to  lift  the 
pan  out  of  the  soil  so  that  steam  escaped  from  under  its  edges.  To 
avoid  this  loss  of  steam,  the  pan  was  weighted  down  with  scrap  iron.  After 
thirty  minutes  of  treatment  the  steam  was  shut  off  and  the  pan  removed 
from  the  soil.  The  potatoes  in  the  hole  farthest  from  where  the  steam 
entered  the  pan,  were  dug  first.  The  potatoes  at  three  inches,  six 
inches,  and  twelve  inches  below  the  surface  were  well  cooked  through- 
out and  the  one  at  eighteen  inches  below  the  surface  was  very  hot.  Next, 
the  potatoes  in  the  middle  of  the  plot  were  dug  up,  and  all  found  to  be 
well  cooked,  even  the  one  eighteen  inches  below  the  surface.  It  was 
next  attempted  to  dig  the  potatoes  at  the  end  of  the  plot 
where  the  steam  entered,  but  the  steam  had  gouged  out  such 
a  hole  in  the  soil  that  it  was  im])ORsible  to  locate  all  of  them.  The  two 
that  were  found  were  well  cooked.  The  soil  treated  is  a  very  fertile  clay 
loam,  with  a  stiff  clay  subsoil  at  about  twenty-four  inches  below  the 
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This  steam  experiment  was  next  repeated  on  an  adjoining  plot  of  soil 
exactly  as  before,  except  that  tlie  steam  at  eighty  pounds  pressure  was 
run  into  the  pan  for  fifteen  minutes  instead  of  thirty  minutes.  At  the 
end  of  the  period  the  pan  was  removed  and  the  potatoes  were  dug.  The 
potato  at  three  inches  below  the  surface  was  thoroughly  cooked.  Pota- 
toes at  six  and  twelve  inches  below  the  surface  were  partly  cooked.  The 
potato  at  eighteen  inches  below  the  surface  was  very  hot.  Of  these  two 
treatments,  the  thirty  minute  steaming  was  the  better,  as  judged  by  the 
condition  of  the  potatoes.  Where  the  potatoes  were  well  cooked,  it  is 
quite  reasonable  to  suppose  that  the  nematodes  were  killed,  but  the 
writer  is  not  certain  of  this  point.* 
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III.  Eelating  evidence,  further,  of  certain  properties  of  carbon  disiil- 
phide,  gasoline,  and  a  few  other  fluids,  as  well  as  temperature  and  some 
dry  powdered  contact  insecticides,  by  means  of  which  the  insecticidal 
action  of  these  agents  is  accomplished  after  their  absorption  into  the 
insect  tissues,  or  after  mere  application; — ^also  brief  suggestions  for 
possible  practice,  by  George  D.  Shafer. 


INTRODUCTORY  STATEMENTS, 
(a)     FORM  BE  EVIDENCE. 

In  a  former  pa])er  on  the  subject,  "How  Contact  Insecticides  Kill*," 
it  has  been  shown  that  many  gaseous  or  volatile  contact  insecticides 
mainly  become  effective  after  being  taken  up  by  the  insect  tissues. 
Certain  color  tests  and  actual  volume  measurements  demonstrated  that 
gaseous  insecticides,  (such  as  HoS,  HCN  and  NH^)  and  the  vapor  of 
carbon  disulphide,  as  well  as  that  from  many  volatile  oils  (e.  g.  kerosene, 
gasoline,  benzine,  turpentine)  are  absorbed  by  the  tissues  of  insects.  Much 
evidence  was  pointed  out  which  indicated  that  vapors  of  gasoline,  carbon 
disulphide  and  the  like,  after  absorption,  accomplish  their  effect  upon 
insects  through  some  tendency  their  presence  exerts  to  prevent  oxygen 
assimilation  in  the  tissues. 

If  the  vapors  of  the  insecticides  mentioned  do  interfere  with  oxygen 
assimilation,  upon  what  do  they  act  in  the  tissues  to  bring  about  that 
condition? 

At  the  time  the  former  bulletin  was  written  nothing  had  been  done 
upon  this  latter  phase  of  the  problem.  It  is  with  facts  that  seem  to  re- 
late to  this  phase  of  the  question  that  the  present  bulletin  has  to  do. 
Careful  examination  was  made  of  the  organs  of  treated  insects  and  many 
histological  studies  were  made.  When  an  insecticide,  such  as  gasoline, 
was  present  in  abundance,  it  was  found  that  after  several  hours  the 
fatty  tissues  went  more  or  less  into  solution.  Insects  were  crushed  and 
an  attempt  was  made  to  detect  changes  which  carbon  disulphide,  kero- 
sene, gasoline  and  the  like  might  have  upon  the  tissue-pulp.  It  was 
easy  here  also  to  notice  the  solvent  action  of  gasoline,  kerosene  and  carbon 
disulphide  upon  the  fats  and  fat-like  substances  in  the  pulp.  The  action 
of  carbon  disulphide  upon  protein  in  the  pulp  could  also  be  seen.  The 
concentrated  vapor  of  carbon  disulphide  would,  in  time,  coagulate  and 
whiten  certain  proteins.  Egg-albumen  readily  shows  this  action  of  car- 
bon disulphide  vapor,  after  a  few  hours  confinement  with  sxiv  saturated 
at  about  G8°  to  70°  F.  with  that  vapor.  Studied  in  this  way,  however, 
using  only  such  amounts  of  the  agents  in  question  as  were  necessary  to 
im  insects,  there  was  no  visible  effect  on  the  1  issue  pulp  which  might 
be  held  as  a  suflBcient  cause  for  rapid  death. 

•Parte  I  and  II,  Tech.  BuUetin  No.  11,  Mich.  Agr.  CoUege  Exp,  Station, 
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As  already  pointed  out,  however,  a  rise  in  the  respiratory  ratio  during 
the  time  insects  were  dying,  afforded  the  strongest  evidence  of  an  inhibi- 
tion of  oxygen  assimilation.  It  was  decided,  therefore,  to  determine  the 
respiratory  exchange  of  fresh  insect  tissue  pulp  and  to  see  whether  this 
exchange  became  influenced  by  gasoline,  for  example,  in  the  same  man- 
ner as  had  already  been  found  for  insects  themselves.  That  the  pulp 
does  have  a  decided  respiratory  exchange,  and  that  this  is  influenced  by 
gasoline  vapor  in  the  same  manner  as  the  latter  influences  the  respira- 
tion of  insects  mav  be  seen  bv  comparing  table  I-A  with  table  V  of 
part  I,  Tech.  Bull.  No.  11. 


TABLE  I. 
A. 


Extract  pulp  of  tissues 
of  Paaaaliu  cornutua. 

Treatment. 

Temperature. 

Respiratory- 
period. 

CO. 

'oT 

16  hrs  

2.1 

  =  1.7 

1.2 
2.8 

  -  0  .82 

3.4 

5  c.  c.  same  sample  

24.2°  C  

7ihr8  

0.9 

  =  2.2 

0.4 
0.5 

  =  0.5 

1.0 

Nnnp..  .  - 

Siuna.  .  

1 

25.4°  C  

16*  hrs  

3.1 

  =  2.3 

1.3 
4 

-  -  0.8 
5 

5  c.  c.  same  sample  

B. 

Extract  pulp  of  tissues 
of  Paaaalua  cornutua. 

Treatment. 

Temperature. 

Respiratory 
period. 

20.8°  C  

1  hr  

3.2 

  -  0.71 

4.40 
0.89 

1             -  1.1 

0.8 

  -  0.81 

7.9 
2.7 

  =  0.9 

2.9 

Same  5  beetles    

Opened  and 
digestive  tracts 
removed. 

21°  C  

1  hr  

!  i 

■  20.8°  C             6  hrs  

!  1 

Gasoline  was  selected  for  making  this  test  because  of  all  the  volatile 
insecticides  employed,  it  permitted  of  the  most  accurate  volumetric  de- 
terminations of  its  own  vapor,  and  of  the  oxygen,  carbon  dioxide  and 
nitrogen  i)r(>sent  at  the  beginning  and  at  the  end  of  the  test.  The  ap- 
paratus and  tlie  method  employed  for  making  the  gas  determinations  has 
been  described  in  Part  I  of  the  former  bulletin.  The  insect-tissue  pulp 
was  contained  in  a  small,  sterile,  open  glass  stender  dish  which  floated 
on  the  mercury  in  the  respiration  container.  The  pulp,  or  crude  tissue- 
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extract,  was  prepared  as  follows:  The  insects  were  thoroughly  cleaned 
with  absolute  alcohol  and  a  cloth.  In  the  case  of  Paaaalus  conmtus,  which 
was  mostly  used,  the  wing-covers  and  wings  were  first  removed.  Then 
the  digestive. tracts  were  carefully  removed  entire,  and  discarded.  The 
remainder  of  the  tissues — ^blood,  fat,  muscles,  nervous  tissue,  etc. — be- 
came thoroughly  "ground  up"  in  a  mortar  with  a  little  distilled  water. 

It  will  be  noticed  that  the  respiratory  ratio  of  the  pulp  or  water 
extract  of  insect  tissues  proved  to  be  rather  higher,  often,  than  was  the 
case  for  healthy,  uninjured  beetles.  A  few  respiration  experiments  were 
run,  using  insect  bodies  from  which  the  digestive  tracts  had  been  re- 
moved. The  ratio  of  carbon  dioxide  given  off  to  oxygen  taken  up  was 
in  this  case,  also,  a  little  higher  usually  than  the  ratio  for  normal  healthy 
beetles.  (See  B,  table  I).  Mechanical  injury,  through  crushing  without 
external  mutilation,  or  through  pithing  the  beetles  with  a  hot  needle, 
however,  gave  a  ratio  for  the  respiratory  exchange  lower  than  that  of 
healthy  normal  beetles.  But  as  has  already  been  pointed  out,  when  air 
saturated  with  gasoline  vapor  was  used  either  with  the  insects  them- 
selves, with  the  tissue-pulp  or  with  the  crude  water  extract,  it  regularly 
caused  a  decided  rise  in  the  respiratory  ratio  above  that  given  by  the 
same  insects,  tissue  pulp,  or  crude  extract.  Thus  it  began  to  appear  as 
if  whatever  bodies  were  present  in  the  living  insect  tissues  to  start  and 
carry  forward  the  respiratory  process — these  were  able  to  maintain 
themselves  as  "respiratory  bodies"  (with  limited  activity)  for  a  time, 
at  least,  in  the  insect  tissue  pulp  and  in  the  crude  extract  of  the  pulp, 
where  the  effects  of  the  insecticides  in  question  might  still  be  studied. 

(b)      OXIDASES,  CATALASES  AND  REDUCTASES  IN  ANIMALS  AND  PLANTS. 

In  the  pulp  and  in  the  water  extract  of  various  tissues  of  many 
vertebrate  and  other  animals  and  in  many  plant  tissues,  workers  have 
described  enzymes  which  are  able  not  only  to  carry  forward  oxidation 
processes  in  the  pulp  or  extract  itself,  but  also  to  initiate  or  accelerate 
the  oxidation  of  certain  other  bodies,  such  as  gum  guaiac,  hydroquinone, 
tyrosine,  etc.,  when  these  are  added  in  solution  to  the  extract.  Such 
enzymes  have  received  the  general  name  of  oxidases.  It  is  not  the  pur- 
pose here  to  give  a  discussion  of  oxidasic  enzymes,  their  kinds  and  pos- 
sible functions  in  the  living  tissues  in  connection  with  other  enzymes  or 
enzyme-like  bodies;  but  a  short  statement  will  make  clear  the  import 
of  the  experiments  which  follow  in  this  connection.  None  of  the  oxidases 
have  been  obtained  in  a  known  pure  and  isolated  form,  yet  much  has 
been  learned  of  their  properties,  and  of  their  more  or  less  specific  action, 
so  that  they  have  generally  received  names  according  to  the  kind  of  body 
or  bodies  upon  which  they  have  been  found  to  act — as  alcoholases,  alde- 
hydases,  phenolases,  or  laccase,  tyrosinase,  etc.  Associated  generally,  if 
not  always  in  pulp  or  tissue-extract  with  oxidases,  various  workers  have 
found  peroxidases,  catalases,  and  reductase  (or  reductases).  The  per- 
oxidases of  tissue  extracts  (when  they  clearly  show  themselves  present) 
are  substances  which  activate  peroxides — for  example  they  cause  hydro- 
gen peroxide  to  change  in  such  a  way  that  its  oxygen  may  became  trans- 
ferred to  guaiac,  causing  oxidation  of  the  latter  to  guaiac  blue.  Perox- 
idases serve  as  activators  merely;  they  do  not  cause  the  liberation  of 
free  oxygen  from  the  peroxides.    Indeed  an  oxidase  is  now  looked  upon 


Digitized  by 


Google 


8 


EXPERIMENT  STATION  BULLETIN. 


by  most  workers  in  this  field  as  an  organic  peroxide,  or  an  oxygenase 
(i.  e.  a  substance  capable  of  quickly  forming  an  organic  peroxide  by 
uniting  with  oxygen  from  air)  working  with  a  peroxidase.  The  alpha 
and  beta  catalases,  as  demonstrated  by  Loew,  are  enzymes  which  are 
capable  of  breaking  down  II._,()o  into  molecular  oxygen  and  water,  the 
oxygen  coming  off  in  bubbles.  Finally,  tissue  pulp  from  plants  and 
from  animals  has  been  found  to  possess  a  more  or  less  strong  reducing 
power.  This  x)ower  has  been  generally  attributed  to  reducing  enzymes 
called  reductases.  Knowledge  of  the  functions  and  properties  of  the 
enzymes  mentioned  above  is,  as  yet,  very  incomplete.  Satisfactory  proof 
has  not  been  obtained  in  some  cases,  and  there  are  those  who  believe  that 
reductases  and  catalases  are  not  enzymes  at  all.  As  experiments  and 
observations  accumulate,  however,  there  seems  to  be  a  growing  number, 
among  those  actively  engaged  in  investigation  of  the  subject,  who  be- 
lieve that  in  the  oxidases,  catalases,  and  reductases  we  have  to  do  with 
a  part,  at  least,  of  the  machinery  which  accomplishes  oxidations  and 
respiration  in  the  protoplasm  of  living  cells.  Alexis  Bach,  for  example, 
has  gone  so  far  (in  1013)*,  in  a  discussion  of  oxidising  and  reducing 
enzymes,  as  to  express  his  belief  in  their  role  in  the  process  of  respira- 
tion rather  definitely.  E.  F.  Armstrong  in  the  "Joum.  of  the  Chem. 
Soc.  104,  Part  I,  p.  543,  abstracts  Bach's  conclusions  as  follows: 

"(1)  In  order  to  utilize  the  oxygen  of  the  air  to  effect  oxidation,  the 
cell  produces  an  enzyme  (an  oxygenase) — a  substance  which  is  readily 
oxidized,  fixing  molecular  oxygen  to  form  a  peroxide.  (2)  A  second 
enzyme  (the  peroxydase)  accelerates  the  oxidizing  action  of  the  perox- 
ides, acting  on  them  in  the  same  way  as  ferrous  sulphate  does  toward 
HjOg.  (3)  The  peroxides  are  readily  transformed  by  hydrolysis  into 
H2O2  which  is  also  formed  as  a  primary  product  during  hydrolytic  oxida- 
tion. Owing  to  its  rapid  rate  of  diffusion,  this  accumulation  of  HjOj 
might  damage  the  cell  protoplasm.  To  guard  against  this,  the  cell  pro- 
duces an  enzyme — catalase,  which  rapidly  decomposes  IIoOj  into  water 
and  inert  Go.  Catalase  thus  acts  as  a  regulator  of  the  respiratory  pro- 
cess. (4)  To  effect  hydrolytic  oxidation,  an  enzyme-perhydridase — is 
present  which  accelerates  both  oxidation  and  reduction  just  as  do  the 
metals  of  the  platinum  group.  The  reductase  consists  of  the  enzyme, 
water  and  an  oxidisable  substance  which  fixes  the  oxygen  derived  from 
the  water,  leaving  the  hydrogen  free  to  effect  reduction." 

In  view  of  the  importance  which  physiologists  begin  to  attach  to 
oxidizing  and  reducing  bodies  in  tissue  extracts  of  animals  and  plants, 
and  because  of  the  influence  which  certain  of  the  contact  insecticides 
are  now  known  to  have  upon  the  respiratory  exchange  of  insects,  it  seemed 
worth  while  to  investigate  these  bodies  in  insect  tissue  extract  and  to 
study  the  effect  of  gasoline,  carbon  disulphide,  and  some  other  contact 
insecticides  upon  the  activity  of  those  found  to  be  present. 

(C)     OXIDIZING  AND  REDUCIN(3  BODIES  IN  INSECT  TISSUE  PULP  OR  EXTRACT. 

The  method  used  in  preparing  insect  tisue  pulp  for  study  has  already 
been  described.  In  preparing  the  crude  extract  the  i>ulp  was  ground 
up  with  a  small  amount  of  sterile  distilled  water — usually  about  twelve 
to  fifteen  cubic  centimeters  to  five  or  six  adult  specimens  of  Pasaalua 

•(Arch.  Scl.  pbys.  nat,  1913,  vol.  35,  240-262). 
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cornutus.  Then  the  extract  was  pressed  out  through  Swiss  muslin.  The 
crude  extract  obtained  in  this  way  was  whitish  or  creamy  in  appearance, 
at  first,  due  to  fat  and  very  tiny  particles  of  tissue  which  came 
through  the  muslin.  When  this  extract  w^as  filtered  through 
heavy  filters  under  twenty  to  twenty-five  pounds  pressure,  a  clear  or 
slightly  straw-colored  filtrate  was  obtained,  and  (on  the  filter)  a  con- 
siderable residue.  When  either  the  crude  extract  or  the  filtrate  was 
allowed  to  stand  for  a  time,  the  surface  in  contact  wMth  the  air  turned 
dark  while  the  deeper  parts  of  the  fluid  remained  as  at  first  for  hours — 
for  more  than  a  day  if  kept  cool  or  treated  with  a  little  of  some  weak 
antiseptic  like  chloroform,  sodium  fluoride  solution,  toluol  or  ether. 
Whenever  work  with  the  extract  extended  over  several  hours,  some  such 
antiseptic  was  used  provided  the  nature  of  the  experiment  would  permit. 
If  to  about  1  c.  c.  of  the  crude  extract  a  few  (2  to  5)  drops  of  a  saturated 
solution  of  alcoholic  guaiac  were  added,  the  milky  mixture  would  begin 
to  show  a  tinge  of  blue  within  one  or  two  minutes,  and  would  gradually 
develop  a  beautiful  deep  blue  coloration.  When  about  1  c.  c.  of  a  stand- 
ard hydroquinone  solution*  was  added  to  3  c.  c.  of  the  extract,  it  slowly 
began  to  turn  reddish  brown ;  and  after  several  hours,  the  entire  mixture 
appeared  very  dark  brown  or  perhaps  almost  black,  giving  off  a  decided 
odor  of  quinone.  Vernon's  alpha-naphthol  paraphenylene-diamine  mix- 
turef  was  tried,  and  this,  the  ci-ude  extract  rapidly  oxidized  to  the  blue 
indophenol.  Finally,  the  extract  was  able  to  slowly  oxidize  tyrosine 
(Merck)  until  after  a  few  hours  one  obtained  a  heavy  black  or  melanic 
pigment.  It  was  interesting  to  drop  a  small  pinch  of  tyrosine  crystals 
into  a  little  extract  from  P,  cornutus  tissue^  and  then  watch  the  black 
coloration  develop  about  it.  The  extract  clearly  possessed  oxidasic  prop- 
erties. Moreover,  the  filtrate  and  the  washed  residue  left  from  filtering 
the  crude  extract  under  pressure  gave  the  reactions  showing  the  presence 
of  oxidases.  That  is,  oxidases  soluble  in  water  and  insoluble  in  water 
were  present.  Likewise  two  catalases,  one  soluble  in  water  and  going 
with  the  filtrate,  the  other  insoluble  in  water  and  remaining  in  the 
washed  residue,  were  found  to  be  present  as  first  described  by  LoewJ  in 
the  tobacco  plant,  and  both  were  very  active  in  liberating  bubbles  of 
oxygen  from  hydrogen  peroxide. 

8ome  of  the  fresh  extract  which  had  just  darkened  was  confined  in 
the  absence  of  oxygen,  and  it  became  rapidly  changed  back  to  the  appear- 
ance it  had  before  it  had  darkened.  If  a  few  drops  of  a  methylene  blue 
solution  were  added  to  some  of  the  extract  an<l  then  the  latter  were  con- 
fined from  the  oxygen  of  the  air,  the  blue  color  became  entirely  reduced. 
Reducing  bodies,  therefore,  seemed  to  be  present ;  and  besides,  the  re- 
duction of  methylene  blue  took  place  whether  it  was  confined  with  the 
filtrate  of  the  crude  extract  or  with  the  washed  residue.  Thus,  oxidases, 
catalases,  and  reducing  bodies  were  all  found  to  exist  in  the  pulp  and  in 
the  crude  water  extract  of  P,  cornutus  in  two  forms,  one  being  soluble 
and  the  other  insoluble  in  water.   It  therefore  seemed  desirable  to  make 

*Thi8  standard  solution  wns  made  up  by  dissolviug  1.1  grams  of  hydroquinone  in  100  c.  c. 
of  distilled  water, 
m 

(i-  e.  —  hydroquinone.) 
10 

t Vernon,  H.  M.  The  Quantitative  estimation  of  Indophenol  Oxidase  of  Animal  Tissues. 
The  Journal  of  Physiology,  Vol.  XLII.,  Nos.  5  and  0.  pp.  402-427. 

tOscar  Loew:  Report  No.  68  Div.  of  Veg.  Phys.  and  Path.,  U.  S.  Dept.  of  Agr.,  1901. 
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a  further  study  of  these  oxydasic  and  reducing  bodies  of  P.  comutus  and 
to  determine  the  effect  of  some  of  the  contact  insecticides  upon  their 
activity.  How,  for  example,  would  gasoline  vapor  or  the  vapor  of  car- 
bon disulphide  affect  the  rate  at  which  the  crude  water  extract  could 
oxidize  a  solution  of  hydroquinone?  When  present  in  concentrated 
amounts,  the  rate  at  which  oxygen  was  absorbed  by  insects  and  by  crude 
insect  tissue-extract  was  lowered  by  these  insecticides.  Would  they  re- 
duce the  rate  at  which  the  oxydases  in  the  extract  caused  guaiac  or  hy- 
droquinone to  become  oxidized? 


THE  EFFECT  OF  GASOLINE  AND  SOME  OTHER  CONTACT  INSECTICIDES 
UPON  THE  OXIDASE,  CATALASE,  AND  REDUCTASE  ACTIVITY 
IN  EXTRACTS  OF  THE  TISSUES  OF  P.  00RNUTU8. 

(a)     EFFECT  UPON  OXIDASIC- ACTIVITY. 

It  has  been  pointed  out  that  both  soluble  and  insoluble  oxidases  were 
found  to  be  present  in  the  extract  of  P.  comutus.  The  insoluble  oxidase 
(oxydone*)  remained  in  the  mixed  residue  on  the  pressure  filter  after 
filtering  the  crude  extract,  while  the  soluble  form  went  through  in  the 
clear  or  straw-colored  filtrate.   When  the  latter  was  treated  with  alco- 
hol or  saturated  with  ammonium  sulphate  until  the  proteins  were  thrown 
down,  the  oxidase  separated  with  them  and  could  be  filtered  out.  The 
oxidasic  activity  of  this  alcoholic  or  ammonium  sulphate  precipitate 
could  be  preserved  for  hours  or  even  days,  if  the  precipitate  were  kept 
moist  and  cool;  but  drying,  even  at  room  temperature,  almost  if  not 
entirely  destroyed  the  activity  of  the  oxidase  in  a  few  hours.    On  the 
other  hand,  when  the  washed  residue  containing  the  oxydone  was  moist- 
ened after  having  been  dried  at  room  temperature  for  36  hours  or  even 
longer,  it  exhibited  oxidasic  action  toward  alcoholic  guaiac  almost  un- 
diminished. Moreover,  in  the  dry  condition,  the  oxydone  was  very  resist- 
ant to  heat.   It  could  then  be  kept  at  90°  to  100°  C.  for  an  hour  without 
destroying  all  of  its  activity.  When  moist,  as  in  the  crude  extract,  how- 
ever, both  the  oxidase  and  the  oxydone  were  destroyed  if  kept  at  a  boiling 
heat  for  10  minutes ;  and  nearly  all  oxydasic  activity  was  destroyed  if  a 
crude  extract  were  kept  at  80°  to  81°  C.  for  15  minutes.  When  kept  at 
68°  to  69°  C.  for  one  hour,  such  an  extract  was  5  to  6  times  longer  in 
oxidizing  alcoholic  guaiac  than  a  check  kept  at  room  temperature  for 
the  same  time.   In  making  this  comparative  test  with  alcoholic  guaiac, 
the  same  amount  of  extract  was  used  for  the  check  as  for  the  heated 
portion,  and  at  the  end  of  the  test  period  a  certain  number  of  drops  of 
the  guaiac  solution  were  added  to  each  portion.  Then  the  time  required 
to  oxidize  the  guaiac  in  the  treated  and  untreated  extracts  to  the  same 
depth  of  blue  coloration  was  noted.   This  was  a  method  by  which  only 
well  marked  differences  might  be  compared,  but  by  its  use  one  could 
easily  see  also  that  solutions  of  hydrochloric  acid,  borax,  sodium  fluoride, 
nicotine  (to-bak-ine)  and  ammonia  all  exerted  a  more  or  less  harmful 

'Insoluble  oxydases  in  animal  tissues  are  referred  to  as  "oxydones**  by  BatelH,  and  (Mile) 
Llna  stern.  Blochem.  Zeitsch.  1913,  52,  p.  226.  Rev.  in  J.  of  Chem.  See.  volfl.  108-104 
pt.  1.  p.  929. 

The  worlc  of  these  Investigators  did  not  come  to  the  notice  of  the  author  nntll  early  in 
1914,  when  this  phase  of  his  own  work  was  nearly  finished — having  been  be8:an  in  1912. 
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inflnence  upon  the  ability  of  the  crude  extract  to  oxidize  guaiac  (exposed 
to  the  air)  when  they  were  added  in  small  amounts.  Both  the  oxidase 
and  the  oxydone  were  affected.  The  influence  of  carbon  disulphide,  gaso- 
line, and  hydrocyanic  acid  gas  were  studied  in  the  same  manner.  In  the 
case  of  carbon  disulphide  and  gasoline,  the  influence  of  both  the  vapor 
and  the  liquid  of  each  fluid  was  studied — using  the  vapors  to  saturation 
in  air,  and  the  liquids  at  the  rate  of  three  drops  to  2  c.  c.  of  extract 
thoroughly  mixed  to  an  emulsion. 

Carbon  disulphide  deterred  the  oxidation  of  guaiac  by  the  extract 
greatly; — sometimes  the  blue  coloration  did  not  begin  to  develop  until 
after  two  hours,  when  the  extract  had  been  treated  with  the  concentrated 
vapor  or  with  the  liquid  for  a  few  hours  before  testing.  The  influence  of 
carbon  disulphide  was  most  marked  when  the  extract  was  rich  in  fat- 
emulsion. 

The  influence  of  concentrated  gasoline  vapor  on  the  oxidasic  proper- 
ties of  an  extract,  as  studied  by  the  aid  of  alcoholic  guaiac,  was  never 
very  decided.  However,  the  liquid  gasoline  first  used  appeared  quite 
destructive  to  the  oxidase,  but  that  sample  of  gasoline  was  later  found 
to  be  slightly  acid  in  reaction ;  and  when  this  acidity  was  rendered  just 
neutral,  the  liquid  gasoline  then  acted  scarcely  more  harmfully  than  the 
concentrated  vapor.  In  fact  if  either  the  vapor  or  the  liquid  gasoline 
were  used  with  perfectly  fresh  milky  extract  (rich  in  fat)  it  seemed  to 
hasten  the  bluing  of  guaiac — or  to  hasten  the  darkening  of  the  extract 
itself  on  standing  alone  in  air. 

In  the  case  of  hydrocyanic  acid  gas,  it  was  found  that  if  an  extract 
were  tested  immediately  after  being  removed  from  the  treatment,  the 
guaiac  blued  very  much  more  slowly  than  in  the  check.  If,  however,  the 
treated  extract  were  allowed  to  stand  in  air  for  an  hour  or  so  until  it 
became  free  from  the  odor  of  hydrocyanic  acid,  the  guaiac  blued  almost 
as  rapidly  upon  being  added  as  in  the  check  extract. 

Borax  (3  grams  in  100  c.  c.  distilled  water)  was  very  destructive  to 
both  the  oxidase  and  the  oxydone,  when  a  little  of  the  solution  was 
shaken  up  with  the  extract  and  allowed  to  stand  for  a  few  minutes. 

Sodium  fluoride,  in  saturated  solution,  was  used.  It  retarded  the  de- 
velopment of  guaiac-blue  when  added  in  considerable  amounts  to  an 
extract,  but  even  1  c.  c.  of  the  solution  mixed  with  1  c.  c.  of  the  extract 
did  not  prevent  the  development  of  the  blue  coloration  after  an  hour  or 
two.  When  added  in  only  small  amounts  to  a  fresh  extract,  sodium 
fluoride  solution  seemed  to  hasten  the  bluing  of  guaiac.  Likewise  chloro- 
form and  ether  did  not  seem  to  injure  the  oxidasic  activity  of  the  tissue 
extract  toward  alcoholic  guaiac,  except  very  slightly  when  they  were 
used  in  large  amounts  and  thoroughly  shaken  up  witli  the  extract. 

This  study  with  alcoholic  guaiac  was  instructive,  but  a  method  was 
sought  which  would  show  by  volume  measurements  of  the  oxygen  taken 
up  just  what  influence  carbon  disulphide  and  gasoline  (for  example)  had 
upon  the  rate  at  which  oxygen  was  absorbed  by  insect-tissue-extract  plus 
.some  other  substrate  than  guaiac.  Hydroquinone  solution  was  selected 
as  the  substrate  to  be  oxidized  because  it  was  easy  to  keep  a  compar- 
atively constant,  clear,  standard  solution  for  some  time,  and  because  as 
the  oxidation  to  quinone  proceeded,  the  color,  of  the  sf)luti()n  changed 
progressively  from  a  reddish  to  a  darker  and  darker  coloration.  Thus, 
a  color  check  was  afforded,  upon  the  volume  of  oxygen  used  in4he  casp 
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of  treated  (with  insecticide)  and  untreated  extract  samples.  (See  Pig. 
Ij  Plate  I.)  So  many  factors  were  involved  that  it  was  necessary  to 
use  extreme  precaution  in  order  to  be  at  all  sure  that  a  difference  in 
volume  of  the  oxygen  absorbed  by  hydroquinone-extract-mixture  in  air 
and  hydroquinone-extract  in  gasoline-vapor-air  was  due  alone  to  the 
influence  of  gasoline  vapor.  It  w^as  necessary  always  to  thoroughly  mix 
a  fairly  concentrated  extract  and  then  to  remove  two  equally  measured 
samples  for  the  experiment  at  as  nearly  as  possible  the  same  time. 
Furthermore,  exactly  equal  measures  of  a  standard  hydroquinone  solu- 
tion must  be  added  to  the  two  samples  at  the  same  time,  and  then  the 
tests  with  the  two  equally  prepared  mixtures  must  necessarily  be  run 
(the  one  in  air  and  the  other  in  gasoline-air)  under  like  conditions  of 
temperature  for  the  same  period  of  time.  It  would  not  do  to  run  the 
tests  for  equal  periods,  merely.  They  must  cover  the  same  period  as 
nearly  as  that  might  be  made  possible.  The  reason  for  these  precautions, 
if  not  apparent  here,  will  be  noticed  later  in  the  discussion.  Another 
difficulty  presented  itself.  Oxygen  was  absorbed  rather  slowly  in  the 
tests,  and  so  it  seemed  advisable  to  find  some  method  of  measuring 
directly  the  entire  amount  of  carbon  dioxide  that  might  be  given  off, 
as  well  as  the  entire  amount  of  oxygen  taken  up,  rather  than  to  depend 
upon  percentage  estimations  from  samples.  No  method  was  available  for 
removing  and  accurately  estimating  carbon  disulphide  vapor  from  air 
used  in  a  test,  and  so  it  seemed  necessary  to  be  able  to  measure  the  oxy- 
gen taken  up  and  the  carbon  dioxide  given  off  in  the  presence  of  the  in- 
secticide employed  during  the  test.  Finally,  an  apparatus  was  devised 
which  complied  very  well  with  the  requirements  just  outlined.  The  es- 
sential features  of  the  apparatus  are  represented  in  Figure  1,  and  a  brief 
description  follows  here. 

The  apparatus  (Fig.  1),  consisted  of  two  systems  which  were  almost 
exact  duplicates,  each  made  up  of  a  gas-burette  "a"  connected  with  a 
mercury-mug  "b";  a  gas-container  "c";  a  potash  absorption  flask  "d"; 
a  mercury  manometer  '*e";  a  burette  (graduated  to  O.  1  c.  c.)  for  the 
hydroquinone  solution;  and  a  circulating  pump  "g".  The  gas  container 
was  of  about  300  c.  c.  capacity,  with  tw^o  two-way  cocks  above  and  a 
wide  mouth  (2i^  inches)  beneath.  The  wide  rubber-stopper  for  this  con- 
tainer was  connected  with  a  mercury-mug  "h",  and  a  hooked  U-tube  also 
passed  from  the  stopper  to  connect  with  the  hydroquinone  burette  "f". 
Mercury  could  thus  be  used  not  only  to  seal  the  mouth  of  the  gas- 
container,  but  to  float  the  stender  dish  up  under  the  hooked  end  of  the 
U-tube.  The  gas-burette  of  each  system  was  connected  by  tubes  (with 
airtight  sealed  joints)  through  the  corresponding  gas-container,  absorp- 
tion-flask, mercury  manometer  and  circulating  pump  of  its  system,  as 
represented  in  the  figure.  Between  the  "pump-gas-container  connecting 
tube"  and  the  "absorption-flask -pump  connecting  tube"  was  a  cross  tube 
witli  a  stopcock  "St."  Fig.  1.  This  cock  was  kept  closed  when  the  pumps 
were  running.  It  was  opened  as  soon  as  the  pumps  were  stopped,  and 
always,  before  the  manometers  were  adjusted,  the  circulating  wheel  of 
each  pump  was  given  a  quarter  turn  backward.  Thus,  any  air  that  might 
be  compressed  in  a  pocket  was  released  into  the  upper  air-chamber,  leav- 
ing the  pockets  filled  with  mercury.  The  circulating  pump  of  each 
system  was  actuated  by  belts  from  the  same  double  pulley  of  a  reducing 
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gear  "j",  which  was  run  by  a  small  motor  not  shown  in  the  figure.  It 
was  thus  possible  to  start  and  stop  the  pumps  (which  were  duplicates) 
at  the  same  time  and  to  run  them  at  the  same  speed.  There  was  not 
found,  on  the  market,  a  small  pump  in  which  the  gas  to  be  circulated 
did  not  come  in  contact  with  the  boxing  of  the  pullej-journal  of  the 


V^g.  1.  Apparatus  used  in  determining  the  influence  of  gasoline  and  carboa  disulpliide 
upon  the  absorptio.n  activity  for  oxygen  of  insect  tissue-extract  plus  hydroquinone  solution. 
(Duplicate  systems)  a  =  gas  burettes  ;  b  =  mercury  mugs;  c  =  gas-containers;  d  c=  potash 
absorption  fiasks ;  e  =  mercury  manometers ;  f  =  burettes  for  hydroquinone  solution ; 
g  =  circulating  pumps ;  h  =  mercury  mugs ;  J  =  reducing  gear. 

pump-  In  these  experiments,  it  was  necessary  to  kn-ow  that  no  leak  or 
gas  exchange  could  take  place  at  that  point.  The  two  circulating  pumps 
represented  in  Fig.  1  were,  therefore,  designed  to  meet  the  necessity. 
Each  pump  was  filled  with  mercury  to  a  certain  level  as  shown  by  line 
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**a-c",  Fig.  II.  The  circulating  wheel  "w"  pointed  out  in  the  same  figure 
was  made  to  revolve  in  the  mercury  in  the  direction  of  the  large  arrow. 
Each  pocket  in  the  wheel  thus  carried  gas  from  the  air-chamber  in  the 
upper  part  of  the  pump  down  into  the  mercury  to  the  position  "p", 
when  the  air  emptied  toward  the  center  (due  to  its  tendency  to  rise  in 
the  mercury)  and  came  out  into  the  outlet  tube  "o"  as  shown  in  Fig. 
II  B.  The  pump  was  therefore  able  to  circulate  air  against  a  pressure 
equal  to  the  mercury-height  "s-t",  and  the  confined  gas  in  the  pump 
could  not  come  in  contact  with  the  pulley  journal  under  any  cir- 
cumstances, since  the  lowest  level  "s",  to  which  the  mercury  could  be 
brought,  was  higher  than  the  pulley-journal.   As  a  precaution,  a  small 


Fig.  II.  Diagrammatic  piojectious  of  tlie  woriclng  partH  lu  gas-circulating-pump  (see 
"g''  Fig.  1).  A  =  Side-projection;  B  =  Edge-projection;  a-c  =  level  of  mercury;  w= 
circulating  whocl ;  p  =  position  of  air  pocket  when  it  empties  toward  the  center ;  p*  ■«  air 
pocket;  o-^  outlet  tube:  s  =  bearing  around  the  common  central  outlet  for  the  air  pockets 
in  the  circulating  wheel ;  J  =  pulley  Journal. 

cup  was  set  beside  each  pump  (when  in  use)  just  beneath  the  boxing 
'*k".  If  a  mercury  leak  should  have  occurred  from  this  point,  the  vol- 
ume of  the  leak  could  have  been  known  at  once  from  the  mercury  caught 
in  the  cup.  When  the  apparatus  was  set  up,  much  trouble  was  experi- 
enced in  getting  all  connections  sealed  gas-tight.  Tests  were  not  begun 
with  the  extract,  however,  until  the  apparatus  was  able  to  stand,  for 
several  hours,  under  a  pressure  greater  than  any  that  might  occur  in 
the  regular  experiments,  without  showing  a  measurable  leak.  Moreover, 
test  experiments  were  run  with  samples  of  the  same  extract  in  air  in 
both  gas-containers  of  the  apparatus  until  comparatively  uniform  results 
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were  given.  The  working  difference  which  might  occur  between  the  two 
systems  of  the  apparatus  was  about  0.2  c.  c.  When  a  test  to  obtain  the 
influence  of  gasoline-vapor  or  carbon  disulphide  vapor  upon  the 
hydroquinone-oxidase  activity  of  insect  tissue  extract  was  to  be 
run,  equal  samples  from  the  same  tissue-extract  were  placed  in  each 
of  two  sterile  stender  dishes  of  86  m.  m.  diameter,  and  the  dishes  were 
introduced  into  the  two  gas-containers  **c."  **c.",  Fig.  I.  Mercury  seal 
was  made  at  the  mouth  of  each  gas-container,  and  the  U-tubes  were  con- 
nected with  the  hydroquinone  burettes.  Then,  by  means  of  the  mercury- 
mug  and  the  free  opening  of  one  of  the  two-way  cocks  of  one  gas-con- 
tainer, as  much  insecticide  vapor  as  was  wanted  could  be  introduced 
from  a  separate  stock-container  of  concentrated  insecticide  vapor.  After 
that,  the  cocks  of  the  gas-containers  were  opened  to  the  outside  an 
instant  until  both  mercury  manometers  read  level.  The  temperature 
was  recorded.  Then  the  cocks  were  all  properly  set  and  the  motor 
started,  so  that  in  the  two  systems  the  gas  or  air  was  made  to  circulate 
until  it  was  uniformly  mixed.  The  motor  was  stopped  and  started  in 
this  way  several  times  (pressure  adjustments  being  made  between  times, 
if  necessary)  until  the  manometers  stood  level  after  each  short  interval. 
The  cocks  of  the  gas-containers  were  then  quickly  opened  to  the  outside, 
and  hydroquinone  solution  was  carefully  let  down  from  the  burettes 
until  it  reached  the  openings  of  the  hooked  U-tubes  above  the  stender 
dishes  in  the  two  containers  '*c.^'  *^c."  A  measured  amount,  usually  2 
c.  c.  of  hydroquinone  solution  to  5  c.  c.  of  the  tissue  extract,  was  meas- 
ured into  each  extract  stender  dish.  Test  was  again  made  to  see  that  the 
pressure  manometers  stood  level  and  then  both  cocks  of  each  gas-con- 
tainer were  closed.  The  temperature  was  again  noted.  The  barometer 
reading  and  the  readings  of  the  two  gas-burettes  were  recorded.  The 
apparatus  then  stood  during  the  desired  period  of  the  test  in  a  room 
where  the  temperature  varied  but  little — and  only  very  slowly — and  one 
could  be  sure  that  both  systems  of  the  apparatus  were  at  the  same  temper- 
ature when  readings  of  the  gas-burettes  were  made.  At  the  end  of  the 
test  period,  the  cocks  at  the  top  of  the  gas-containers  were  turned  so  as 
to  connect  each  container  with  its  own  system.  The  mercury  in  each  gas- 
burette  was  quickly  manipulated  so  as  to  bring  the  mercury  manometers 
level,  and  the  readings  of  the  two  gas-burettes  were  taken.  Then  the 
cocks  "st"  and  **st'"  were  closed  and  the  pumps  were  started.  The  gas 
or  air  in  each  system  was  thus  made  to  circulate  through  the  absorption 
flasks  until  trial  showed  that  the  readings  of  the  gas-burettes  (after 
short  runs  of  the  pumps)  were  constant,  when  the  two  manometers  "e" 
and  "e"  stood  at  zero.  The  reading  of  each  gas-burette  was  then  again 
recorded.  Thus  there  were  three  gas-volume  readings  for  the  system  con- 
taining the  insecticide-treated  extract  and  three  for  the  check.  The  first 
reading  in  each  set  showed  the  constant  volume  of  the  gas  under  certain 
recorded  conditions  of  temperature  and  barometric  pressure;  the  second 
showed  the  volume  after  oxygen  absorption  (i.  e.  by  the  extract  contain- 
ing hydroquinone  solution),  before  any  carbon  dioxide  had  been  re- 
moved; and  the  third  reading  gave  the  volume  after  the  carbon  dioxide 
produced  during  the  experiment  period  had  been  circulated  through  the 
hydroxide  flask  and  absorbed.    The  readings  were  all  reduced  to  the 
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volume  which  would  be  given  at  0°C,  and  760  m.  m.  mercury  pressure  so 
that  they  might  be  safely  compared.  The  second  reading,  then,  minus 
the  third  (in  each  set  of  reduced  readings)  showed  the  volume  of  carbon 
dioxide  produced  during  the  period;  and  since  no  carbon  dioxide  was 
present  at  the  beginning,  the  first  reading  minus  the  third  gave  the 
volume  of  oxygen  that  had  been  absorbed  during  the  test.  The  volume  of 
oxygen  absorbed  in  the  case  of  the  insecticide-treated  "extract  plus  hy- 
droquinone"  and  the  volume  of  oxygen  absorbed  by  the  untreated  "ex- 
tract plus  hydroquinone"  could  thus  be  compared  directly;  and  it  is 
believed  that  any  difference  must  be  attributed  to  the  influence  of  the 
insecticide  present,  since  other  conditions  were  kept  as  nearly  as  pos- 
sible the  same. 

Checks  tried  separately  had  shown  that  gasoline  and  carbon  disul- 
phide  vapors  were  not  appreciably  affected  by  the  potassium  hydroxide 
solution  used,  and  that  they  did  not  interfere  with  its  absorption  of 
carbon  dioxide. 

The  records  of  a  test  are  given  here  as  they  were  kept  for  a  regular 
exi)eriment : 

Exp.  7.  Used  5  c.  c.  of  an  extract  (made  from  4  large  "white  grubs"  in  20  c.  c.  distiUed  water, 
plus  3  drops  of  Toluol)  in  each  of  the  two  containers — right  and  left. 

Ran  pump  at  intervals  until  readings  became  constant.  Added  2  c.  c.  or  hydroquinone  solu- 
tion to  each.    Ran  pumps  short  interval — readings  were  constant. 

started  17  Aug.  1912.  4:45  P.  M. 
Ended  18  Aug.  1912,  8:00  A.  M. 

At  start  — Bar.  =740  m.m.;  Temp.  =19.3«  C. 
At  end  —  "    =734  m  m.;         "     =20.4°  C. 

Ext.  =  Left-hand  system  (CSs — treated).  Ext.  =  Right-hand  system  (no  treatment). 


Gas'>burette  reading 

27.5  c.c. 

30.5 

27.5 


Gas-burette  reading 

20.5  c.c. 

23.5 

20.5 


Readings  reduced  to  760  m.m.  mercury  prejjsure  and  0°C: — 
Left-hand  system  (CSi— treate<i). 

430     c.c.  =  Volume  of  left-hand  system,  exclusive  of  gas-burette. 
27  .5  c.c.  =  Volume  of  gas  in  left-hand  gas-burette. 

457.5  c.c.  =  Total  volume  of  left-hand  system  at  start. 

457  (740-10.655)273 


760(273+19.3) 
430.0  c.c. 
30.5 


=406.6  c.c.  vol.  at  start  (reduced). 


460.5  =  Total  vol.  at  end  of  test;  before  COi  had  been  absorbed. 
460.5  (734  -17.826)273 


760(273  +20.4) 


-  =403.7  c.c.   Vol.  before  COt  had  been  absorbed  (reduced). 


430.0 
27.6 

467.6  =  Total  vol.  at  end  of  test  (after  COj  was  absorbed). 
457.5(734-17.826)273 


760(273  +20.4) 

Then  406.6 
401.1 


-401.1    Vol.  at  end  of  the  test  (reduced). 


5  .5  c.c.  O.  ab.sorbed  during  test  by  the  "extract  plus  hydroquinone"  In  the  preaenoe  of  CS« 
vapor  In  air.  *-      -v      ^  *- 
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and  403.7 
401.1 


2.6  c.c.  CO3  given  off  during  test  in  the  CRs  -  treated  gas-container. 


Right-hand  System  (check), 
c.  -  Vol  of  right-nan ' 


420.0  c.c.  -  Vol  of  right-hand  system,  exclusive  of  gas-burette  (at  start.) 
20.5      —Vol.  of  right-hand  system  gas  burette. 

440.5 

440.5(740-16.055)273 


760(273 -f- 19.3) 


'394.7  c.c.  Vol.  at  start  (reduced). 


420.0  c.c. 
23.5 

443.5  c.c.  » Total  vol.  at  end  of  test  (before  COs  had  been  absorbed.) 
443.5(734  -17.826)273 

  a380.3  c.c.  above  vol.  (reduced). 

760(273  +20.4) 

420.0  c.c. 
20.5 

440.5  C.C.  -Total  vol.  at  end  after  COt  had  been  absorbed. 
440.5(734-17.826)273 


760(273  +20.4) 


» 386.6  c.c.  above  volume  (reduced). 


Then  394.7 
386.6 


8.1  c.c.  Ot  absorbed  during  test  by  the  check. 


and  389.3 
386.6 


2.7  c.c.  COt  given  off  during  test  by  the  check. 
8.1  -5.5  -2.6  c.c.  more  Ot  abosrbed  in  case  of  the  check  (1.  e.  not  treated  with  CSs  -vapor). 

Note  was  kept  of  twenty-one  experiments  carried  out  in  adjusting  and 
in  learning  to  manipulate  and  use  the  apparatus  to  obtain  trustworthy 
results.  It  was  found  that  the  greatest  care  must  be  taken  to  be  sure 
that  the  two  systems  of  the  apparatus  were  at  the  same  temperature.  A 
door,  opened  for  a  short  time  to  admit  air  of  a  different  temperature 
from  one  side  of  the  room,  could  cause  a  variation  in  the  volume  of  the 
gas  in  the  two  systems  which  would  entirely  vitiate  results  if  readings 
were  made  at  that  time.  It  was  discovered  also  that  a  variation  in  the 
influence  of  the  insecticide-vapor  occurred,  depending  on  whether  the 
extract  were  used  immediately  after  it  had  been  prepared,  or  not  until 
a  few  hours  later — this  seemed  to  be  especially  true  when  gasoline  was 
used.  This  fact  served  to  emphasize  the  necessity  of  taking,  from  the 
prepared  extract,  the  sample  to  be  treated  with  the  insecticide  and  the 
check  sample  at  the  same  time,  and  of  carrying  out  the  tests  with  the 
two  during  the  same  period — although  the  reason  for  the  variation  men- 
tioned above  was  not  appreciated  until  later  in  the  investigation.  If  the 
insecticide  vai)or  in  the  air  used  in  an  experiment  was  near  saturation, 
then  it  was  necessary  not  to  allow  the  room  temperature  to  fall  below 
that  at  which  the  experiment  was  started.  Otherwise  some  of  the  in- 
secticide-vapor would  be  condensed  and  the  vapor  tension  of  the  gas- 
mixture  changed.  C'orrection  for  change  in  vapor-tension  of  water  vapor 
due  to  a  change  in  temperature  could  be  readily  made,  but  no  method 
was  at  hand  for  making  a  similar  correction  in  case  of  gasoline  or  carbon- 
disulphide  vapor  when  the  apparatus  illustrated  by  Fig.  T  was  being  used. 
Furthermore,  it  was  found  that  high  concentrations  of  the  insecticide 
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vapor  were  necessary  to  show  a  marked  influence,  especially  if  the  water 
content  of  the  extract  were  high. 

After  the  preliminary  tests,  written  record  was  kept  of  more  than 
thirty  experiments,  including  cautionary  check  experiments,  which  were 
made  to  get  the  influence  of  gasoline  and  carbon  disulphide  vapors  upon 
the  oxygen  absorption  activity  of  ''insect  extract  plus  hydroquinone  so- 
lution". Some  of  these  experiments  were  performed  during  as  many 
as  three  successive  periods.  In  all  of  these  tests  unless  otherwise  stated, 
the  stender  dish  of  each  gas-container  held  5  c.  c.  of  insect  tissue  extract 
from  the  same  stock  extract  mixed  with  2  c.  c.  of  a  standard  hydroquinone 
solution  (1.1  grams  of  hydroquinone  in  100  c.  c.  of  distilled  water.) 
Representative  results  of  these  experiments  are  given  in  table  II. 

The  first  ten  results  in  the  table  relate  directly  to  the  influence  of 
carbon  disulphide  or  of  gasoline  vapor  upon  the  activity  of  "insect 
tissue  extract  plus  hydroquinone  solution"  for  oxygen  absorption. 

A  study  of  the  table  will  show  that  the  higher  concentrations  of 
insecticide  vapors  caused  a  marked  reduction  in  oxygen  avidity  under 
that  shown  by  the  corresponding  checks.  Weak  concentrations  of  the 
insecticides,  on  the  other  hand,  seemed  to  accelerate,  very  slightly,  rather 
than  to  retard  oxygen  absorption.  One  may  appreciate  the  influence  of 
the  insecticide,  perhaps,  better  by  comparing  the  total  sum  of  the  oxygen 
absorptions  in  the  insecticide  chamber  with  the  total  corresponding  ab- 
sorptions in  the  check  gas-chamber. 

In  case  of  carbon  disulphide  vapor  the  ratio  is  6.7  c.  c.  to  19.1  c.  c. 
In  other  words,  only  about  7/20  as  much  oxygen  was  absorbed  during 
the  series  of  tests  in  the  carbon  disulphide  chamber  as  was  absorbed  in 
the  check  gas-chamber  with  air  alone  present.  For  gasoline-vapor  the 
ratio  is  10.2  c.  c.  of  oxygen  absorbed  in  the  gasoline  chamber  to  13.9 
c.  c.  in  the  pure  air  chamber  (i.  e.  about  7/10)  ;  and  if  those  tests  in 
which  the  vapor  was  in  high  concentration  are  considered  alone,  then 
barely  over  one-half  as  much  oxygen  was  absorbed  in  the  gasoline-vapor 
chamber.  The  ratio  of  carbon  dioxide  given  off  to  the  oxygen  absorbed 
by  the  mixture  of  *4nsect  tissue-extract  and  hydroquinone  solution"  as 
expressed  by  the  totals  for  the  insecticide-treated  samples  is  0.8+,  and 
the  similar  ratio  as  expressed  by  the  totals  for  the  corresponding  checks 
is  0.4.  That  is,  the  respiratory  ratio  of  the  '*tissue-extract  plus  hydro- 
quinone solution"  proved  to  be  decidedly  higher  in  the  presence  of  strong 
gasoline  or  carbon  disulphide  vapors  than  was  found  to  be  the  case  in 
pure  air.  Now,  as  has  already  been  mentioned,  an  oxidase  in  the  insect 
tissue-extract  is  able,  it  is  believed,  to  accelerate  the  oxidation  of  hydro- 
quinone to  quinone  and  water — the  quinone  showing  its  presence  by  its 
odor  and  by  a  change  in  color  of  the  extract-solution.  If,  then,  an 
oxidase  in  the  extract  does  cause  that  kind  of  an  oxidation  of  hydro- 
quinone, it  would  naturally  follow  that  an  extract  to  which  the  latter 
had  been  added  might  take  up  more  oxygen  in  a  given  period  than  it 
otherwise  would,  and  that  the  added  hydroquinone  would  therefore  de- 
crease the  respiratory  ratio  {^^^  of  the  extract.  Note  the  ratio  0.4 
above,  which  is  much  below  that  found  for  healthy  beetles  in  pure  air-- 
the  latter  ratio  being  about  0.75.  The  last  three  results  given  in  Table 
II  are  precautionary  checks  on  the  manner  in  which  hydroquinone  is 
oxidized  by  extract  of  the  tissues  of  P,  cornutm.   To  each  of  the  stock 
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extracts  (before  samples  for  the  tests  were  taken)  four  drops  of  weak 
ammonia  (0.9  sp.  gr.  diluted  five  times)  were  added.  This  ammonia 
had  the  effect  to  reduce  the  carbon  dioxide  excreted  to  a  very  small 
amount.*  The  influence  of  oxidase  in  causing  the  hydroquinone  to  take 
up  oxygen  in  the  manner  described  might  therefore  stand  out  promin- 
ently. The  total  oxygen  taken  up  and  the  total  carbon  dioxide  given 
off  in  each  case  is  given  in  the  table,  and  although  the  ammonia  used 
kept  the  ratio  (^*- down  to  0.35  in  the  extract  containing  no 
hydroquinone,  the  value  was  brought  down  lower  still  to  0.25 

by  the  increased  amount  of  oxygen  used  in  the  extract  plus  hydro- 
quinone mixture.  The  larger  value  of  the  ratio  ^*  -  0 . 8,  as  found  above 
for  the  "extract  plus  hydroquinone"  in  the  insecticide  chamber,  must 
therefore  point  to  the  fact  that  the  gasoline  and  carbon  disulphide  vapors 
used  were  able  in  some  unknown  manner  to  inhibit  or  lessen  the  acceler- 
ating (catalytic)  action  of  the  extract-oxydase  in  bringing  about  the 
oxidation  of  hydroquinone.  A  further  precaution  which  was  observed 
should  be  explained  here.  Tissue-extract  was  brought  to  a  boiling  tem- 
perature (about  15  to  20  minutes)  to  destroy  the  oxidasic  enzymes.  It 
was  then  allowed  to  cool  and  the  regular  amount  of  hydroquinone  solu- 
tion was  added.  Tests  were  then  made  using  the  apparatus  as  in  other 
experiments,  and  no  measurable  amount  of  oxygen  was  taken  up  during 
longer  periods  than  any  used  in  the  regular  experiments.  It  has  already 
been  explained  that  the  hydroquinone  stock  solution  would  remain  clear 
for  days.  However,  if  the  heated  "extract  plus  hydroquinone  mixture" 
had  been  scarcely  brought  to  the  boiling  temperature  or  had  been  heated 
only  a  short  time  before  it  was  allowed  to  cool,  it  often  showed  a  very 
slight  reddish  or  cherry  tinge  after  twenty-four  to  thirty  hours — vindicat- 
ing that  the  heat  had  not  been  sufficient  to  destroy  quite  all  of  the 
oxidasic  activity.  Thus,  the  appearance  of  this  peculiar  reddish  brown 
color  was  an  even  more  delicate  test  of  the  oxidation  of  hydroquinone 
than  the  volumetric  measurement  of  the  oxygen  used,  and  mention  has 
already  been  made  of  how  the  reddish  brown  tinge  deepened  progressively 
as  hydroquinone  became  oxidized  to  quinone.  It  was  interesting  and 
confirmatory,  therefore,  to  note  that  in  all  ten  of  the  experiments  listed 
in  table  II  the  deeper  color  was  found  to  be  in  the  stender  dish  of  that 
gas  container  where  most  oxygen  had  been  taken  up.  One  must  see 
that  in  the  extracts  used,  a  slight  respiratory  exchange  exists,  and  the 
influence  of  the  insecticide  agents  upon  this  exchange  has  not  been 
eliminated ;  but  the  respiratory  exchange  in  such  a  treated  extract  (a  few 
hours  old)  is  very  low  indeed  as  shown  by  the  COj  given  off — and  the 
evidence  just  enumerated  leaves  no  doubt  that  in  studying  the  compar- 
able oxygen  measurements,  we  see  mainly  the  influence  of  the  agents  in 
question  upon  the  oxidase  activity  toward  hydroquinone.  Two  exi)eri- 
ments  (not  recorded  in  table  II),  carried  at  once  for  short  i)eriod8  with 
gasoline  vapor  in  high  concentration,  gave  results  contradictory  to  all 
the  rest  as  far  as  gas  measurements  were  concerned — that  is,  the  meas- 
urements seemed  to  show  that  most  oxygen  had  been  taken  up  in  the 

♦See  effect  of  ammonia  on  Tech.  Bulletin  11. 
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gasoline-treated  chamber.  Nevertheless,  when  run  for  longer  i)eriods 
afterward,  the  "extract  plus  hydroquinone"  mixture  in  the  gasoline 
chamber  showed  a  reddish  brown  color  not  nearly  so  deep  as  that  in 
the  check  gas-chamber  containing  air  only,  and  the  volumetric  results 
then  agreed  with  the  results  of  the  other  experiments.  The  reason  for 
the  apparently  contradictory  results  of  the  first  and  second  parts  of 
these  two  experiments  was  not  understood  until  later.  About  a  year  and  a 
half  after  these  first  experiments  had  been  made  (i.  e.  after  the  effect  of 
gasoline  upon  the  tissue  reductase  had  been  studied)  it  was  decided  to 
run  a  few  more  tests  with  gasoline-vapor,  using  a  different  method,  in 
order  to  find  out  more  surely  if  possible,  the  influence  of  this  insecticide 
upon  the  absorption  activity  for  oxygen  of  "insect  tissue-extract  plus 
hydroquinone"  solution.  The  method  decided  upon  was  the  old  one 
(described  in  Part  1,  Tech.  Bull.  II)  in  which  the  percentages  of  the 
gases  present  were  determined  at  the  beginning  and  at  the  end  of  the 
test  period;  but  a  different  arrangement  of  gas-containers  and  gas-  bur- 
ettes was  made  to  adapt  the  method  to  this  problem. 

The  arrangement  of  containers  and  burettes  in  the  apparatus  used  is 
represented  in  Fig.  III.  As  may  be  seen,  the  apparatus  is  an 
adaptation  of  that  shown  in  Fig.  1,  with  the  circulating  pumps  and 
absorption  flasks  left  out.  There  were  two  duplicate  systems — gasoline- 
vapor-air  was  used  in  the  gas-chamber  of  one  system  and  pure  air  in  the 
other.  Hydroquinone  burettes  enabled  one  to  introduce  the  hydroquinone 
as  described  in  the  case  of  apparatus  Fig.  I.  The  two  gas-containers  had 
each  two  two-way  cocks,  and  these  enabled  one  to  adjust  the  mercury 
manometers  and  to  take  gas  samples  for  estimation  from  each  container 
at  the  beginning  and  at  the  end  of  test-periods.  The  gas-burettes  per- 
mitted one  to  keep  close  check  upon  changes  in  gas-volume  in  each  sys- 
tem, the  readings  being  made  at  the  known  temperature  and  barometric 
pressure.  From  the  percentage  determinations  (since  the  cubic  contents 
of  each  system  was  known)  one  could  figure  the  amount  of  oxygen  used 
and  of  carbon  dioxide  given  off  at  760  m.  m.  pressure  and  0°C.,  as  well 
as  the  exact  percentage  of  gasoline  to  which  the  "insect-extract  plus  hy- 
droquinone" solution  had  been  subjected  in  the  test.  A  set  of  results  ob- 
tained with  this  arrangement  of  apparatus  is  given  in  table  III.  The 
total  oxygen  absorbed  in  the  pure  air  chamber  exceeded  the  total  oxygen 
absorbed  in  the  gasoline-air  chamber,  and  the  ratio  ^  was  a  little 
higher  in  the  gasoline-air  chamber.  By  this  method,  as  with  the  former 
m^ethod,  however,  it  was  found  that  if  fresh  extract  were  used  for  a  short 
period,  the  result  might  be  contradictory  to  that  given  for  a  much  longer 
or  for  a  later  period  with  the  same  extract. 
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Fig.  III.  Shows  half  of  a  duplicate  apparatus  used  for  studying  the  influence  of 
various  agencies  on  certain  activities  of  Insects  and  insect  tissue  extracts:  a  gas  burette; 
b  =  rubber  tube  connected  with  mercury  mug;  a*  =  tube  leading  to  duplicate  gas  burette; 
f  =  burette  for  hydroquinone  solution  or  hydrogen  peroxide  or  etc ;  m  «  tube  connecting 
gas  container  "c"  with  a  mercury  manometer ;  th.=  thermometer ;  t  «  outlet  of  gas-cock. 
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This  is  illustrated  in  table  III  by  No.  2,  where  in  the  first  five  hours, 
the  fresh  extract  used  0.9  c.  c.  more  O,  in  the  gasoline  chamber  than  was 
used  by  its  duplicate  sample  in  pure  air.  When  the  same  samples  had 
then  run  undisturbed  for  nineteen  hours,  it  was  found  on  the  other  hand, 
that  the  pure  air  sample  had  taken  up  the  most  oxygen  by  0.4  c.  c.  In 
No.  4  the  stock  extract  was  about  five  hours  old  when  the  samples  were 
taken  for  the  tests.  Note  that  in  this  case,  while  the  first  test  period  of 
six  hours  showed  more  oxygen  used  in  pure  air,  the  longer  second  period 
gave  an  increased  excess  of  oxygen  used  by  the  pure  air  sample.  These 
results,  taken  with  those  obtained  by  the  former  method,  seem  to  justify 
the  conclusion  that  carbon  disulphide  and  gasoline  inhibit  or  lessen  the 
rate  of  oxidation  of  hydroquinone  in  solution  in  the  tissue  extract  of 
Passalus  coimutua.  Furthermore,  in  the  case  of  gasoline,  the  effects  on 
the  rate  of  oxidation  are  not  marked,  unless  the  extract  is  a  few  hourR 
old  at  the  beginning  of  the  test;  and  if  perfectly  fresh  extract  is  used 
for  a  short  period  the  results  may  be  contradictory — apparently.  As 
has  already  been  mentioned,  however,  the  series  of  experiments,  results 
of  which  are  recorded  in  Table  III,  were  run  after  a  study  had  been 
made  of  insect  tissue  reductase  and  of  the  effect  of  gasoline  upon  the 
reductase.  This  latter  study,  it  is  believed,  affords  an  explanation  of 
the  apparai;itely  contradictory  results  obtained  when  gasoline-vapor  acts 
for  short  intervals  upon  freshly  made  "insect-tissue  extract  plus  hydro- 
quinone" solution.    (See  page  28.) 

(b)     INFLUENCE  UPON  THE  REDUCING  ACTIVITY. 

Some  evidence  has  already  been  given  of  the  existence  of  a  strong 
reducing  power  in  the  fresh  extract  of  Passalus  cornutas;  namely,  the 
reduction  (when  air  is  excluded)  of  the  dark  melanic  pigment  which 
develops  in  the  extract  through  the  influence  of  the  oxidasic  enzymes 
when  tissue-extract  has  been  exposed  to  the  air  for  a  while,  and  the 
reduction  of  methylene  blue  to  leuco-methylene  blue  when  air  is  ex- 
cluded from  extract  to  which  a  little  methylene  blue  has  been  added. 
Still  other  evidence  may  be  given.  If  comparatively  fresh  "extract  plus 
hydroquinone"  which  has  already  oxidized  enough  of  the  hydroquinone 
to  quinone  to  give  the  solution  a  reddish-broWn  hue,  is  then  confined  in 
the  absence  of  air  or  free  oxygen  for  a  few  hours,  the  reddish-brown 
quinone  will  all  be  reduced;  and  if  a  little  perfectly  fresh  extract  is 
added  before  excluding  the  air,  the  reduction  takes  place  more  rapidly. 
Fresh  extract  stained  blue  with  a  little  indigo  carmine  will  reduce  the 
stain  to  leuco-indigo  carmine  in  the  absence  of  free  oxygen;  and  then, 
the  reduced  color  body  will  oxidize  and  turn  the  extract  solution  blue 
again,  if  air  is  admitted — ^just  as  happens  also  when  confined  extract, 
holding  leuco-methylene  blue,  is  once  more  exposed  to  the  air.  After 
fresh  extract  has  caused  alcoholic  guaiac  to  be  oxidized  to  guaiac  blue, 
if  the  entire  mixture  is  then  confined  from  free  oxygen,  the  reducing 
bodies  show  their  presence  by  reducing  all  guaiac-blue  back  to  its  former 
condition.  Likewise,  after  tyrosin  has  been  oxidized  to  the  black  melanic 
pigment,  the  latter  can  then  be  reduced  by  the  extract,  if  air  is  excluded. 
In  every  case  after  reduction,  oxidation  may  again  be  brought  about  if 
the  confined  extract  containing  the  reduced  body  is  once  more  exposed 
to  air. 
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It  should  be  explained  here,  perhaps,  that  the  strength  and  persistence 
of  the  reduction-activity  varied  a  little  with  different  lots  of  beetles,  and 
that  it  always  seemed  to  be  best  in  the  case  of  beetles  showing  the  great- 
est strength  and  vitality. 

Before  discussing  the  effect  of  temperature,  gasoline  and  other  agen- 
cies upon  the  reductase,  it  will  be  best  to  describe  briefly  the  method 
used  in  confining  insect  tissue-extract  in  the  absence  of  air  so  that  a 
study  of  its  reductase  activity  under  the  influence  of  the  various  agents 
and  conditions  could  be  carried  on  in  a  manner  which  would  permit 
of  comparisons  being  made.  As  a  rule,  it  was  necessary  to  use  small 
amounts  of  the  extract  and  a  method  was  needed  by  which  the  air  could 
be  excluded  as  completely  as  possible — and  excluded  quickly.  After 
various  means  had  been  tried,  the  following  plan  was  found  to  serve 
well.  Small  glass  tubes  of  the  same  diameter  and  of  practically  the  same 
length  were  heated  and  drawn  out  at  each  end  to  a  fine  capillary  bore. 
The  extract  to  be  studied  could  be  quickly  drawn  up  to  fill  a  tube,  and 
then  the  capillary  ends  could  be  sealed  at  once  by  touching  them  in  a 
hot  gas  flame.  Fig.  2,  Plate  I,  is  a  photograph  of  such  a  sealed  tube. 
Methylene  blue  was  the  "substrate  and  indicator"  most  often  used  in 
making  a  study  of  the  reduction  activity.  A  standard  solution  of  0.1 
gram  of  methylene  blue  in  100  c.  c.  of  distilled  water  was  employed. 
Unless  otherwise  stated  in  giving  the  results,  six  drops  of  this  standard 
solution  from  the  methylene  blue  pipette  were  used  to  4  c.  c.  of  the 
extract.  (In  most  cases  this  ratio  was  found  to  be  best.)  The  stain 
was  thoroughly  mixed  with  the  extract  and  then  the  extract  was  divided 
into  two  equal  parts — ^the  one  part  to  be  treated  for  a  certain  time  with 
the  insecticide  and  the  other,  held  as  a  check.  Or,  if  two  equal  portions 
of  the  extract  were  taken  at  first,  an  equal  number  of  drops  of  the  stand- 
ard methylene  blue  was  added  to  each  from  a  graduated  pipette  at  prac- 
tically the  same  time.  At  the  end  of  the  treatment  period  both  parts 
were  again  shaken  until  they  became  a  uniform  blue.  Then,  from  the 
treated  and  untreated  stained  extracts,  tubes  were  quickly  drawn  full 
and  sealed.  Note  was  made  of  the  period  of  time  required  for  each  tube 
to  become  reduced  entirely  free  of  the  blue  color.  The  time  intervals 
given  by  this  method  for  tubes  of  treated  and  untreated  extract  thus 
furnished  the  means  for  an  instructive  study  of  the  influence  of  insecti- 
cides (or  temperature,  etc.)  upon  the  reductase  activity  of  any  extract. 
Methylene  blue  showed  a  very  slight  deteriorating  influence  upon  the 
reductase,  it  was  found,  but  in  the  method  this  is  not  to  be  regarded 
since  the  stain  was  added  to  the  treated  (with  insecticide)  and  the  un- 
treated portions  of  the  extract  at  the  same  time  in  equal  amounts  as 
explained — all  other  conditions  being  the  same  for  both  portions  of  the 
extract,  except  the  one  condition  under  consideration. 

By  this  method  the  influence  of  temperature,  chloroform,  ether,  alcohol, 
gasoline,  formaldehyde,  carbon  disulphide,  hydrocyanic  acid  gas,  toluol, 
ammonium  formate,  sodium  fluoride,  borax,  mercuric  chloride,  pyreth- 
rum,  to-bak-ine  and  white  hellebore  was  studied.  Representative  results 
are  given  in  Table  IV  where  the  ratio  between  the  time  required  to  re- 
duce methylene  blue  in  the  check  and  the  time  requird  in  the  case  of  the 
treated  extract  may  easily  be  obtained. 
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TABLE  IV.— INFLUENCE  OF  CERTAIN  INSECTICIDE  AGENTS  ON  THE  REDUCING 
ACTIVITY  (ON  METHYLENE  BLUE)  OF  EXTRACT  FROM  THE  TISSUES  OF  PASSALUS 
C0RNUTU3, 

(Solution  of  Meth.  Blue  -0.1  gram  in  100  c.c.  of  dist.  water.) 


Agent. 


Time  extract 
was  treated 
before  being 
drawn  into 
tube  and 
sealed. 


Time  required 
to  reduce 
Methylene 
Blue  in  the 
treated  extract . 


Time  required 
to  reduce 
Methylene 
Blue  in  the 

check  extract. 


Gasoline,  0.5  c  r.  to  4  c.c.  of  the  extract  

Gasoline.  l.O  c.c.  In  3  c.c.  of  the  extract  

Carbon  disulphide,  0.5  c.c.  in  3  c.c.  of  extract. . . 

Carbon  disulphide,  0.5  c.c.  in  3  c.c.  of  extract. . , 

Alcohol,  0.5  c.c.  to  2  c.c.  of  extract  

Alcohol,  0.5  c  c.  to  2  c.c.  of  extract  

Chloroform,  0.5  c.c.  to  2  c.c.  of  extract  

Ether  vapor,  saturated  

Ether,  0.5  c.c.  in  contact  with  2  c.c.  of  the  ex- 
tract  

Formaldehyde  (40%)  3  drops  in  2  c.c.  of  ex- 
tract....  


Tobakine,  1  drop  to  2  c.c.  of  extract  

HCN..  (from  KCN  and  H1SO4)  strong  charge 

10  mhi.  [aired  20  min.]    

Treated  in  a  very  strong  Cyanide  bottle,  2  hrs. 

(aired  5  mln.)  

Beetles  treated  for  15  hrs.  in  Cyanide  bottle, 

and  then  aired  \  hr.  before  extraction  

Toluol,  3  drops  to  2  c.c.  of  extract  

Toluol  (same  as  above)  

Pyrethrum,  0.5  c.c.  dry  powder  to  2  c.c.  of  ex 

tract  

Pyrethrum  (same  as  above}  

Pyrethrum  (same  as  above)  

White  Hellebore,  0.5  c.c.  dry  powder  to  2  c.c. 

extract  

White  Hellebore  Tsame  as  above)  

White  Hellebore  (same  as  above)  


10  min. 
3  min. . 
3  min . . 
23  min . 
5  min. . 
15  min. 
5  min . . 
35  min . 

5  min . . 

5  min. . 

6  min. . 
10  min. 
2  hrs... 


35  min  

17  hrs  

1  hr.,  16  min. . 
3  hrs.,  21  min 

6  min  

10  min  

48  min  

5  min  


17  min. 


Still  quite  blue 
after  24  hrs 

10  min  


4  mln . . 
15  min. 


30  min  

1  hr.,  50  min. . 


18  min. 
5\  mln. 
30  min. 


5  min . . 
27  min. 
2  hrs. . . 


5  min . . 
10  min. 
97  min . 


4  min. . 
38  min . 
18  hrs. . 


HgClt,  1  drop  of  saturated  solution  in  2  c.c.  of 
extract  


5  min. 


NaF  (sat.  solution),  1  c.c.  to  3  c.c.  of  extract 

5  drops  of  Meth.  Blue  

NaF  (sat.  solution),  1  c.c.  to  3  c.c.  of  extract 

5  drops  of  Meth.  Blue  

NaF  (sat.  solution),  1  c.c.  to  3  c.c.  of  extract 

5  drops  of  Meth.  Blue  

Borax  (3  grms.  in  100  c.c.  water),  0.6  c.c.  to 

2  c.c.  of  extract  

Borax  (3  grms.  in  100  c.c.  water),  0.6  c.c.  to 

2  c.c.  of  extract  

M 

Am.  Formate,  1  c.c.  of  solution  to  2  c.c. 

1000 

of  extract  

Temperature  58o  C  

Temperature  0°  F.  for  3  hrs    


8  min. . 
25  mln . 
65  min . 
10  min . 
30  min . 


5  min . 
5  min. 


Temperature  70**  F.  stood  for  3  hrs  

Carbon  tetrachloride,  4  drops  in  4  c.c.  of  ex- 
tract   

Air  saturated  with  vapor  of  carbon  tetra- 
chloride at70°F  


15  min. 
40  min. 


44  min  

161  min  

Between  16 
and  18  hrs. . 

No  apparent 
reduction 
at  all  


6  mhi  

8  min  

21  min  

27  min  

1  hr.,  50  min 


15  min  

About  10  hrs 

After  first 
warming, 
3)  min. 

6  hrs  

70  min  

3i  hrs  


7  min. 
14  min. 
14  min. 
19  min. 
1\  min. 
2  min. 

8  min. 
7  mln. 

9  min. 


10  min. 
10  min. 

4  mln. 

55  min. 

4  min. 
2 1  min. 
15  min. 

1  \  rain. 
6  min. 

1  hr.,  25  min. 

3  min. 

5  mln. 

1  hr.,  40  min. 


20  min. 
3  mln. 
10  min. 
1  hr..  50  min. 
.10  min. 
46  min. 


5  min. 
2  hrs. 

Average  of 
fresh  extract, 

l\  min. 
1  mm. 

18  mUi. 

1 J  hrs. 


The  results  as  given  here  are  designed  only  to  show  whether  the  in- 
fluence of  the  agent  upon  the  reducing  power  of  the  extract  is  marked 
or  not.  The  reducing  activity  of  the  tissue  extract  of  P,  Cornutm  may. be 
entirely  destroyed  by  a  continuous  temperature  of  100°  C.  for  ten  to 
fifteen  minutes.  While  this  high  continuous  temperature  is  necessary 
for  complete  destruction,  the  greater  part  of  the  activity  is  quickly  lost 
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at  58°  to  60°  C.  A  low  temperature  tends  to  conserve  the  reducing 
activity — indeed,  it  serves,  at  once,  to  conserve  and  to  inhibit  the  reduc- 
ing power  of  the  extract.  No.  31  of  Table  IV  gives  a  trial  with  extract 
kept  for  three  hours  at  0°  F.  When  this  extract  was  quickly  but  gently 
warmed  to  room  temperature,  it  reduced  methylene  blue  in  Sy*^  minutes, 
whereas  extract  that  had  stood  exposed  to  the  air  at  70°  for  three  hours 
required  six  hours  to  reduce  the  color.  The  checks  of  fresh  extract  at  the 
beginning  reduced  the  same  amount  of  methylene  blue  in  one  minute  and 
in  minutes.  The  reducing  activity  of  fresh  extract  seems  to  be 
best  at  a  room  temperature  of  about  70°  to  80°  F.,  but  it  rapidly 
deteriorates  during  the  first  five  to  six  hours  after  extraction  (at  the 
room  temperature)  and  gradually,  more  slowly  afterward.  This  is  true 
even  when  the  fresh  extract  is  confined  from  the  air.  For  example,  a 
certain  check  of  perfectly  fresh  extract  reduced  its  methylene  blue  more 
than  six  times  faster  than  another  portion  of  the  extract  (A)  which 
was  tested  after  its  confinement  from  air  for  li/^  hours  from  the  moment 
of  its  extraction.  Nevertheless  "A"  was  2^^  times  faster  in  reducing 
its  methylene  blue  than  a  third  portion  (B)  of  the  same  extract  which 
had  been  exposed  to  the  air  during  the  1^/^  hour  period.  One  might  think 
from  this  that  confinement  from  air  tended  to  conserve  the  reducing 
activity.  It  is  necessary  to  remember,  however,  that  a  dark  melanic 
pigment  developed  in  any  extract  (as  "B")  exposed  to  the  air,  due  to 
the  influence  of  the  oxydase  present,  and  that  a  portion  (as  A)  confined 
from  air  could  develop  no  pigment.  When  "A"  and  "B"  were  finally 
given  the  reduction -test  with  methylene  blue,  then  (at  the  end  of  1^^ 
hours  in  this  example),  the  reductase  in  "A"  had  only  methylene  blue 
to  reduce  while  that  in  "B"  attacked  the  dark  pigment  as  well  as  the 
methylene  blue.  It  seems  likely,  therefore,  that  the  longer  time  for  the 
reduction  of  the  methylene  blue  was  required  by  "B"  because  of  the 
greater  work  in  reducing  the  melanic  pigment  in  addition  to  the  methy- 
lene blue,  rather  than  because  its  reducing  activity  had  become  less  than 
that  in  "A". 

Mention  has  already  been  made  of  the  fact  that  when  fresh  extract 
is  exposed  to  the  air,  it  darkens  first,  only  in  a  thin  film  at  the  surface. 
Also,  if  the  fresh  extract  is  allowed  to  stand  after  it  has  been  stained 
with  methylene  blue  and  shaken  so  that  the  color  is  uniform  throughout, 
it  will  be  but  a  few  minutes  until  the  surface  only  will  be  blue — a  re- 
duction of  all  color  in  the  deeper  portions  of  the  container  having  taken 
place.  After  a  time,  however,  the  blue  coloration  will  begin — slowly  at 
first  and  then  more  and  more  rapidly — to  extend  deeper  into  the  con- 
tainer; in  the  case  of  the  unstained  extract,  the  dark  melanic  pigment 
will  gradually  form  more  rapidly  as  time  goes  on.  It  was  soon  found 
that  this  increased  rapidity  in  the  reoxidation  of  the  methylene  blue 
and  in  the  formation  of  the  melanic  pigment  coincided  or  tallied  with 
the  deterioration  in  the  activity  of  the  reductase  of  the  extract  on  stand- 
ing. That  is  to  say,  when  the  extract  was  new  and  its  reductase  still 
remained  strong,  it  visibly  held  in  check  the  work  of  the  oxydase  in  the 
same  extract.  This  proved  as  well  to  be  the  case  when  alcoholic  guaiac 
or  lijdroquinone  solution  was  used  in  the  extract  as  the  agent  to  be 
oxidized.  Now,  as  may  be  seen  by  Nos.  1  and,  2  of  Table  IV,  gasoline  was 
found  to  be  quickly  and  strongly  deleterious  to  the  reducing  activity  of 
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fresh  extract  of  Passalm  cornutus.  The  influence  of  strong  gasoline- 
vapor  upon  the  reductase  was  decided  and  much  more  marked  than  any 
influence  upon  the  oxidase-activity — ^furthermore,  the  resultant-effect  of 
gasoline-vapor  upon  the  oxidasic  action  in  very  fresh  extract  was  plainly 
due,  in  part,  to  the  deleterious  effect  upon  the  reductase,  since  the  latter 
was  an  inhibitor  of  the  oxidasic  processes.  It  was  evident  that  in 
nearly  elminating  the  reductase  activity  in  the  treated  portion  of  a  fresh 
extract,  gasoline-vapor  removed  at  once  a  greater  inhibiting  influence 
upon  oxidasic  action  than  it  could  itself  exert — ^while  in  the  check  portion 
of  the  extract  this  inhibiting  influence  of  the  reductase  continued  for  a 
few  hours  until  it  gradually  disappeared  through  standing.  Hence,  a 
short  period  test  of  oxidase  activity  was  sure  to  show  that  most  oxygen 
had  been  taken  up  by  the  gasoline  treated  portion  of  a  fresh  extract.  On 
the  other  hand,  when  the  test  with  gasoline-vapor  was  made  with  extract 
that  was  a  few  hours  old  before  the  test  began  (and  had  thus  already 
lost  its  strong  reduction-activity)  the  inhibiting  influence  of  the  gasoline- 
vapor  upon  oxygen  absorption  in  the  "extract  plus  hydroquinone"  solu- 
tion became  readily  apparent  in  either  long  or  short  period  tests.  Thus, 
an  explanation  was  afforded  of  those  apparently  contradictory  results 
obtained  when  studying  the  action  of  gasoline-vapor  upon  hydroquinone 
oxidase  activity. 

Table  IV  hardly  shows  the  true  extent  of  the  deleterious  effect  of 
carbon  disulphide  upon  the  reduction-activity  of  fresh  extract — since, 
in  making  check  studies,  it  was  found  that  methylene  blue  was  slowly 
reduced  by  carbon  disulphide  alone,  in  the  absence  of  air.  However, 
that  insecticide  had  little  or  no  effect  on  indigo  carmine,  and  when  the 
latter  was  used  as  the  test  agent  (V^  grm.  in  100  c.  c.  dist.  water),  it 
appeared  that  carbon  disulphide  was  much  more  decidedly  harmful  to 
the  reduction-activity  of  the  extract  than  the  study  with  methylene  blue 
would  lead  one  to  believe. 

It  will  be  noticed  from  the  table  also  that  the  amount  of  ether-vapor 
taken  up  by  a  water  extract  seemed  to  slightly  increase  or  stimulate  the 
reduction  activity — whereas  a  small  amount  of  liquid  ether  shaken  up  in 
the  extract  brought  about  noticeable  deterioration  in  the  reduction 
power.  On  the  other  hand,  immediately  upon  being  added  in  small 
amounts,  a  slight  drop  in  the  reduction-activity  was  caused  by  sodium 
fluoride,  but  after  that  it  tended  very  markedly  to  preserve  the  reducing 
power  of  an  extract  (Nos.  24,  25  and  26  of  Table  IV). 

The  table  (IV)  itself,  perhaps,  gives  sufficient  explanation  of  the 
results  for  the  remainder  of  the  agents  tested  in  this  connection. 


Brief  mention  has  already  been  made  of  the  presence  of  soluble  and 
insoluble  catalases  in  the  tissue-extract  of  Passalus  corntitus.  Loew 
found  that  the  alpha  (i.  e.  insoluble)  catalase  of  tobacco  was  slightly 
soluble  in  water  after  a  time,  and  this  appears  to  be  true  of  the  corres- 
ponding catalase  in  the  insect  tissue  extract.  The  soluble  and  insoluble 
catalases  seem  to  be  affected  alike  by  heat  and  other  agents,  except 
that  the  insoluble  form  is  a  little  more  resistant  in  most  cases.  The 
tissue-pulp  or  crude  water  extract  of  P.  cornutus  may  be  dried  without 
destroying  the  ability  to  liberate  oxygen  from  hydrogen  jperoxide,  but 
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long  continued  drying  injures  that  ability.  A  temperature  of  59°  C. 
for  10  minutes  is  sufficient,  usually,  to  destroy  almost  all  the  catalase 
activity  in  the  pulp  or  crude  water-extract  from  this  beetle,  leaving  the 
oxydasic  power  of  the  same  pulp  or  extract  still  very  active  toward 
guaiac  or  tyrosin.  Sometimes  an  extract  was  found  to  show  a  little 
greater  resistance  to  heat;  and  in  any  case,  if  one  wished  to  be  sure  of 
destroying  absolutely  all  catalase  activity  toward  hydrogen  peroxide,  so 
that  small  bubbles  of  oxygen  would  not  appear  even  after  several  hours, 
a  temperature  very  near  the  boiling  point  was  required.  It  was  possible 
to  separate  the  soluble  catalase  from  its  solution  but  not  to  free  it  from 
proteins.  The  catalase  was  carried  down  with  the  protein  precipitate  by 
either  half  or  full  saturation  with  ammonium  sulphate  or  with  the  pre- 
cipitate by  alcohol;  and  the  precipitate  from  full  saturation  with  am- 
monium sulphate  was  found  to  contain  practically  all  of  the  catalase. 

In  making  a  quantitative  study  of  the  influence  of  insecticide  agents  on 
the  catalases  one  could  obtain  a  little  more  uqiformly  constant  results 
by  using  a  fairly  clear  solution  in  which  any  insoluble  particles  present 
would  be  extremely  fine,  so  that  they  would  remain  in  suspension  for 
hours.  The  results  given  in  Table  V  are  therefore  taken  from  a  study 
of  the  influence  of  certain  agents  upon  the  catalases  in  such  an  extract 
solution  from  the  tissues  of  P.  cornutus.  The  beetles  were  extracted 
in  the  usual  way  (i.  e.  digestive  tract  removed,  etc.),  using  distilled  water 
at  the  rate  of  about  12  c.  c.  to  5  beetles.  The  crude  extract  was  filtered 
through  linen  of  very  fine  mesh.  Two  cubic  centimeters  of  this  filtrate 
were  then  measured  out  and  diluted  to  10  c.  c.  with  distilled  water. 
In  this  way  an  almost  clear  dilution  was  obtained  in  which  the  fine 
particles  remained  in  suspension  for  hours;  and  by  agitating  the  dilu- 
tion just  before  dividing  it,  one  could  obtain  entirely  uniform  samples. 
In  every  test,  2  c.  c.  of  this  diluted  extract  were  measured  out  into  a 
small  stender  dish  and  submitted  to  the  treatment  under  consideration 
for  the  required  time.  A  check  of  2  c.  c.  was  also  measured  out.  In 
some  cases  where  gases  or  vapors  were  used,  the  stender  dish  with  treated 
extract  was  allowed  to  air  for  a  certain  period  before  the  final  test  with 
hydrogen  peroxide  was  made.  For  measuring  the  amount  of  oxygen 
liberated  from  hydrogen  peroxide  by  the  treated  portion  of  the  extract 
and  by  the  check,  the  apparatus  represented  in  Fig.  Ill  was  used.  As 
has  already  been  explained,  this  apparatus  was  in  duplicate  so  that  the 
test  with  the  treated  extract  could  be  run  in  one  and  the  check  in  the 
other  duplicate.  After  the  stender  dish  of  extract  had  been  introduced 
into  the  gas-container,  mercury  seal  was  made  at  the  mouth  of  the 
container.  The  mercury  manometer  was  adjusted  level,  and 
the  reading  of  the  gas-burette  taken.  Then  5  c.  c.  of  hydrogen  peroxidje 
were  drawn  in  form  burette  "f".  As  oxygen  was  liberated  and  the  volume 
of  the  gas  in  the  container  increased,  the  mercury  in  the  gas-burette 
was  lowered  until  the  manometer  was  once  more  level  just  at  the  end 
of  10  minutes.  Then  the  reading  of  the  gas-burette  was  again  taken. 
The  increase  in  volume  less  5  c.  c.  (i.  e.  5  c.  c.  of  H^Oj),  represented^  the 
oxygen  liberated.  Any  variation  in  the  volume  of  oxygen  liberated  by 
the  treated  extract  from  the  volume  liberated  by  the  check, 
therefore,  was  due  to  the  influence  of  the  treating  agent,  since  all  the 
other  conditions  were  the  same  for  both  extracts.  After  an  extract  was 
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a  few  hours  old  (i.  e.  after  the  reductase  had  become  weak)  there  was 
little  change  in  the  catalase  activity  during  the  next  24  hours  (or  even 
48  hours  if  the  extract  were  kept  covered  at  near  freezing).  On  this 
account,  it  was  not  always  necessary  to  run  a  check  for  each  test  in  a 
series  when  treated  extract-samples  from  the  same  dilution  were  used. 
Instead,  a  check  could  be  made  at  the  beginning  of  the  series  and  another 
check  held  until  the  end.  If  a  perfectly  fresh  extract  were  used,  however, 
the  checks  had  to  be  run  more  often,  because  the  strong  reductase  present 
inhibited  the  catalase  a  little;  and  as  the  former  weakened  on  standing, 
the  catalase  was  able  to  liberate  more  oxygen  in  a  ten-minute  period. 
For  example,  in  one  extreme  case,  2  c.  c.  of  a  fresh  extract  dilution  gave 
(with  5  c.  c.  of  hydrogen  peroxide)  in  10  minutes,  54.5  c.  c.  of  oxygen, 
while  2  c.  c.  of  the  same  dilution  kept  at  40°  F.  over  night  liberated  61 
c.  c.  of  oxygen  in  10  minutes.  In  another  case  using  the  same  method, 
2  c.  c.  of  a  fresh  extract-dilution  liberated  32  c.  c.  of  oxygen  while  its 
check  3  hours  later  (at  room  temperature)  liberated  34  c.  c.  of  oxygen. 
It  should  be  added  that  after  this  rise  due  to  the  passing  of  the  reductase 
activity,  the  ability  to  liberate  oxygen  from  hydrogen  peroxide  gradually 
diminished  during  longer  periods  of  time. 

About  75  quantitative  tests  were  carried  out  by  the  methods  described 
above  to  determine  the  effects  of  certain  insecticide  agents  upon  catalase 
activity.  Representative  results  of  these  tests  are  recorded  in  Table  V. 

In  discussing  the  influence  of  hydrocyanic  acid  gas  on  the  oxidasic 
activity  of  the  insect  tissue-extract  toward  alcoholic  guaiac,  it  was 
stated  that,  when  the  test  was  made  immediately  after  treatment,  the 
guaiac  turned  blue  very  much  more  slowly  than  in  the  check.  On  the  other 
hand  when  the  treated  extract  was  allowed  to  stand  in  the  air  for  a  while, 
the  influence  of  the  cyanide  gas  gradually  passed  off  until  the  treated 
extract  would  oxidize  the  guaiac  almost  as  rapidly  as  the  check.  In 
•  other  words,  there  was  a  partial  progressive  recovery.  Table  V  shows 
that  this  insecticide  agent  behaved  in  the  same  manner  toward  the  hy- 
drogen peroxide  catalases.  In  the  experiment,  results  of  which  are  given 
in  the  table,  a  little  more  than  6  c.  c.  of  extract  was  kept  in  a  strong 
cyanide  bottle  for  17  hours.  At  the  end  of  that  time,  it  was  removed 
to  the  open  air.  After  airing  only  5  minutes,  a  test  was  made  with 
5  c.  c.  of  hydrogen  peroxide  and  in  the  following  ten-minute  period  2 
c.  c.  of  this  extract  liberated  only  5.5  c.  c.  of  oxygen — ^the  check,  in  the 
same  time,  liberated  55  c.  c.  of  oxygen.  After  airing  for  2  hours,  2 
c.  c.  of  the  same  treated  extract  liberated  17  c.  c.  of  oxygen ;  and  after 
standing  in  the  air  for  8  hours  until  almost  all  odor  of  the  cyanide  gas 
had  disappeared,  2  c.  c.  of  the  treated  extract  caused  26.2  c.  c.  of  oxygen 
to  separate  from  the  5  c.  c.  of  hydrogen  peroxide  in  a  ten-minute  period 
— ^the  check  giving  55  c.  c.  of  oxygen.  Other  tests  gave  similar  results, 
so  that  there  is  no  doubt  of  a  partial,  progressive  recovery  of  the  catalase 
activity  toward  hydrogen  peroxide  in  an  extract  treated  with  cyanide 
gas  upon  standing  in  the  open  air.  Furthermore,  the  results  of  these 
tests  seemed  to  show  that  both  the  soluble  and  insoluble  catalases  in 
the  dilute  extract  had  been  affected  and  that  both  had  recovered  the 
greater  part  of  their  activity  after  the  passing  of  the  poison.  In  order 
to  make  more  certain  that  this  was  the  case,  a  few  experiments  were 
tried  in  which  hydrocyanic  acid  gas  (from  KNC  +  dilute  H,SOJ  was 
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made  to  act  upon  the  two  catalases  separately.  The  crude  extract  was 
filtered.  Then  the  clear  filtrate,  containing  the  soluble  catalase,  was 
diluted  and  treated  by  the  method  already  described.  The  residue  on 
the  filter  was  washed  as  nearly  free  from  the  soluble  catalase  as  possible, 
after  which  it  was  shaken  up  in  a  small  amount  of  distilled  water.  This 
water  containing  the  insoluble  catalase  in  suspension  was  then  divided 
into  equal  samples  to  be  treated  as  in  the  other  experiments.  Charges 
of  hydrocyanic  acid  gas  sufScient  to  render  specimens  of  P.  cornutm 
helpless  and  quiet  in  3  to  4  minutes  were  used.  Such  a  charge  of  cyanide 
gas  is  much  stronger  than  that  used  in  ordinary  fumigation.  The  charges 
were  applied  40  to  45  minutes.  (This  was  a  longer  time  than  was  really 
necessary  to  kill  specimens  of  the  beetle.)  The  experiments  showed  that 
over  95%'  of  the  activity  of  the  soluble  catalase  and  only  about  52%  of  the 
activity  of  the  insoluble  catalase  was  suspended  at  the  end  of  a  45-minute 
period.  There  was  88%  recovery,  or  more,  (after  the  treated  extract 
stood  15  hours  at  about  34^  F.)  in  case  of  the  soluble  catalase,  and 
about  21%  recovery  of  the  activity  of  the  insoluble  catalase  toward 
hydrogen  peroxide.  The  insoluble  catalase  seemed  to  show  the  greater 
resistance,  but  once  its  activity  had  been  hindered  by  the  poison,  great- 
er permanent  injury  resulted  than  in  the  similar  event  with  soluble 
catalase. 

A  number  of  tests  were  made  to  determine  whether  any  such  recovery 
of  the  catalases  in  an  extract  would  obtain,  after  treatment  with  hydro- 
chloric acid  instead  of  with  hydrocyanic  acid  gas.  In  preparing  a  treated 
extract  and  its  check  for  this  test,  when  1  c.  c.  of  ^  acid  was  added 
to  2  c.  c.  of  extract,  then  1  c.  c.  of  distilled  water  of  the  same  temperature 
as  the  acid  was  added  to  the  2  c.  c.  check  extract  in  order  to  keep  the 
same  dilution  in  the  two  portions.  The  tests  were  run  in  the  apparatus 
already  described.  Numbers  22  and  23  in  T&ble  V  show  that  ^  hydro- 
chloric acid  was  quite  destructive  to  the  catalase;  and  there  was  no 
apparent  recovery,  even  upon  long  standing,  if  the  treated  extract  and 
its  check  were  kept  at  a  temperature  not  far  above  freezing  during  the 
long  period  of  treatment.  Upon  standing  after  the  first  decrease  in 
catalase  activity,  three  cases  of  increased  activity  for  liberating  oxygen 
from  hydrogen  peroxide,  did  occur  in  some  of  the  early  tests  with  hy- 
drochloric acid.  However,  the  increase  in  these  three  cases  was  really 
brought  about  by  decay  which  (in  a  warm  room)  the  weak  acid  used  did 
not  entirely  prevent,  for  long,  in  the  extract.  With  the  precaution  of 
keeping  the  extracts  in  the  cold  (near  freezing)  during  the  treatment 
period,  no  example  of  increase  in  catalase  activity  at  any  time  after 
treatment  with  hydrochloric  acid,  up  to  19  hours,  was  observed.  It 
may  be  added  that  the  deleterious  action  of  this  acid  upon  the  reducing 
power  of  the  extract  was  not  so  great  as  it  was  upon  the  catalase 


The  series  of  tests,  results  of  which  are  recorded  in  Table  V  to  show 
the  effect  of  heat  upon  the  catalases,  are  for  short-interval  periods  only. 
Other  experiments  showed  that  when  the  treatment-period  was  length- 
ened, temperatures  yet  lower  than  52°  C.  showed  appreciable  injury  to 
the  catalase  activity.  For  example,  at  a  temperature  ranging  from  45° 
to  46°  C.  for  two  hours,  the  ratio  of  the  volume  of  oxygen  liberated  in 
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a  test  by  the  heat-treated  extract  to  that  liberated  by  its  check  was 

Some  of  the  agents  readily  showed  a  slight  acceleration  of  the  catalase 
action,  when  used  in  small  amounts.  Attention  may  be  called  to  gas- 
oline and  alcohol  in  the  table  (V)  as  illustrating  this  fact.  The  manner 
in  which  some  of  the  insecticides  (especially  gasoline)  appear  to  hasten 
oxidasic  activity  because  of  their  deleterious  action  on  the  reducing 
power,  when  they  were  first  applied  to  fresh  extract,  has  already  been 
described.  It  seems  very  likely  that  the  slight  acceleration  of  the  catalase- 
action,  at  first,  when  an  extract  was  treated  with  small  amounts  of  the 
above  insecticides,  may  have  (in  part  at  least)  much  the  same  explana- 
tion. That  is,  small  amounts  of  gasoline,  alcohol,  and  perhaps  a  few 
others,  in  attacking  the  reductases  deleteriously  before  they  attacked 
the  catalases,  removed  a  stronger  inhibiting  influence  over  the  catalase 
than  they  themselves  exerted,  so  that  a  resulting  initial  acceleration  of 
the  catalase  action  immediately  followed.  Strong  treatment  with  the 
insecticides,  however,  so  greatly  hindered  the  catalase  (as  well  as  the 
reductase)  activity,  that  there  was  a  lessening  of  the  volume  of  oxygen 
liberated  from  hydrogen  peroxide.  In  the  case  of  alcohol  the  deleterious 
effect  of  strong  or  more  prolonged  treatment  was  quite  decided.  Nos. 
18  and  20  of  Table  V  show  that  while  0.5  c.  c.  of  absolute  alcohol  added 
to  2  c.  c.  of  extract  caused  more  oxygen  to  be  liberated  from  hydrogen 
peroxide  after  a  period  of  10  minutes  treatment,  1  c.  c.  of  alcohol  in  2 
c.  c.  of  extract  for  45  minutes  before  the  test  brought  the  ratio  of  oxygen 
liberated  by  the  treated  to  that  liberated  by  the  untreated  extract  down 
to  0.089.  That  is,  the  stronger  treatment  not  only  overcame  the  lead 
of  the  first  increase,  but  reduced  the  catalase  activity  much  below  that 
of  the  check.  The  effect  of  strong,  prolonged  treatment  with  gasoline 
vapor  was  not  so  marked ;  it  was  sometimes  barely  able  to  overcome  the 
first  lead  or  increase  in  catalase  activity — (the  lead  or  increase  which 
was  due,  as  has  already  been  suggested,  to  the  removal  of  the  inhibiting 
reductases).  This  is  illustrated  by  the  two  experiments  recorded  in 
Table  V,  Nos.  6  and  7.  In  no  case  of  strong  treatment  with  gasoline 
vapor  was  the  amount  of  oxygen  liberated  brought  much  below  that  of 
the  check. 

Ammonium  formate  and  ammonium  oxalate  were  used  in  the  series 
of  tests  because  they  are  known  to  be  products  formed  when  hydrocyanic 
acid  gas  breaks  down  in  air.  Ammonium  formate,  in  any  amount  tried, 
permanently  injured  the  catalytic  action  of  the  extract  toward  hydrogen 
peroxide,  as  illustrated  in  the  table  (V).  Ammonium  oxalate,  on  the 
other  hand,  served  to  slightly  accelerate  the  liberation  of  oxygen  from 
hydrogen  peroxide  by  the  catalases. 

The  influence  of  the  other  agents,  so  far  as  tested,  are  either  made  clear 
in  the  table  or  may  be  referred  to  later  in  discussing  powdered  solid  con- 
tact insecticides. 
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DO  THE  CONTACT  INSECTICIDES  UNDER  CONSIDERATION  ACT  UPON 
OXIDASES,  CATALASES  OR  REDUCTASES  IN  THE  LIVING 
TISSUES  OF  INSECTS  TO  CAUSE  DEATH? 

The  experiments  just  described  showed  that  the  contact  insecticides 
under  consideration  did  interfere  with  the  activity  of  the  oxidases,  cata- 
lases  and  reductases  in  the  tissue  extract  of  P.  cornutus.  In  the  con- 
centrated form,  such  insecticides  affected  all  three  of  the  enzymes  (if 
they  may  be  so  called)  but  usually  not  in  the  same  degree.  It  was  clear 
that  carbon  disulphide,  for  example,  affected  the  oxidases  and  catalases 
more  strongly  than  it  affected  the  reductases — while  gasoline,  on  the 
other  hand,  had  its  most  deleterious  influence  upon  the  reductases. 

Trial  showed  that  oxidases,  catalases,  and  reductases  existed  in  the 
tissue-extract  of  many  caterpillars,  pupae  and  adult  moths,  as  well  as  in 
the  adults  and  grubs  of  various  beetles.  Also,  reference  has  already  been 
made  to  the  work  of  Batelli  and  Stern*  in  relation  to  oxydones  in  insects. 
These  authors,  in  the  same  year  (1913),  again  described  tyrosine-oxidase, 
polyphenol-oxidase,  and  oxydones  in  several  forms  of  insects.  Besides, 
a  few  other  scattered  references  in  literature  briefly  (often  covertly)  re- 
late the  occurrence  of  oxidases  in  the  blood  or  in  extracts  from  various 
lepidoptera,  beetles  and  diptera.  Loew  has  recorded  the  presence  of 
catalase  in  three  different  beetles.  In  fact,  the  occurrence  of  oxidases, 
catalases  and  reductases  in  extracts  appears  to  be  as  general  among 
insects  as  among  other  forms  of  life. 

Further  experiments  showed  that  extracts  from  tomato-worms  did 
not  give  the  test  for  oxidase  with  alcoholic  guaiac  but  hydroquinone- 
oxidase  and  tyrosin-oxidase  were  clearly  present  as  well  as  reductases 
and  catalases.  Moreover,  the  influence  of  gasoline  and  carbon  disulphide 
upon  the  activity  of  extracts  from  white  grubs  (both  Lachnosterna  and 
Allorhina)  and  tomato  worms  was  similar  to  that  already  recorded  in 
connection  with  extracts  from  specimens  of  adult  P.  cornutus. 

With  these  facts  established,  the  question  remained  as  to  whether 
oxidases,  catalases  and  reductases  in  the  living  tissues  of  P.  comutua 
became  deleteriously  affected  by  contact  insecticides  used  in  such 
amounts  and  for  such  periods  only  as  were  necessary  to  kill.  That 
catalases  and  reductases,  as  found  in  the  tissue  extract  of  the  insect, 
really  existed  in  the  living  tissues  (and  were  not  after-products  of  the 
tissues  in  the  extract)  seemed  reasonably  certain.  If  hydrogen  peroxide 
were  introduced  directly  into  the  tissues  in  any  part  of  the  body  of  a 
living  beetle,  oxygen  became  liberated  at  once  with  great  energy ;  and  the 
reducing  power  of  living  animal  tissues,  generally,  for  methylene  blue 
is  well  known.  In  technical  bulletin  11  (this  station),  page  52  is  refer- 
ence to  the  fact  that  living  beetles,  in  the  absence  of  oxygen  gas,  reduced 
large  amounts  of  indigo  carmine  and  methylene  blue  which  had  been 
injected  into  the  body  tissues  by  means  of  a  fine  hypodermic  needle.  Even 
in  the  open  air,  a  small  amount  of  methylene  blue,  injected  into  the  tis- 
sues of  a  beetle's  body,  became  entirely  reduced.  When  the  reduced 
(leuco-)  methylene  blue  was  collected  for  excretion  by  the  cells  of  the 
Malpighian  tubules,  however,  it  became  oxidized  to  the  blue  color  again 
in  those  cells.    Still,  this  reoxidatiou  of  the  color-body  did  not  neces- 

•BatelU  and  Stern  (Blochem.  Zelts.,  1913,  5G,  50-77).    Uev.,  J.  of  the  Chem.  Soc,  Vol. 
103-104,  part  i,  p.  1272. 
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sarily  imply  or  prove  the  presence  of  oxidase  activity,  and  no  entirely 
satisfactory  method  of  visibly  demonstrating  oxidase  activity  in  the 
tissues  of  living  uninjured  insects  was  found.  Upon  studying  the  case, 
however,  there  was  nevertheless  found  to  be  visible  evidence  of  almost 
positive  oxidase  activity  naturally  present  in  certain  living  cells  of 
most  insects.   The  facts  which  set  forth  this  evidence  follow : — 

The  wing  covers  of  newly  emerged  adults  of  P.  comutus  were  almost 
without  color — ^pure  white.  They  gradually  began  to  brown,  becoming 
darker  and  darker  until  they  finally  appeared  jet  black — and  by  that 
time,  they  were  entirely  dry  and  hard.  When  the  dry,  black  wing  covers 
were  crushed  and  tested  they  were  found  to  contain  catalase  and  an 
(almost)  insoluble  tyrosin-oxidase  (see  Fig.  3,  Plate  I) ;  reductase  ac- 
tivity was  practically  absent.  The  dark  coloring  matter  of  the  crushed 
wing-covers  appeared  to  be  identical  with  the  dark  pigment  which 
formed  when  the  insect-extract  or  blood  was  exposed  to  air.  Moreover, 
this  melanic  pigment  in  both  cases  was  like  the  melanic  pigment  ob- 
tained when  tyrosin,  in  solution,  was  oxidized  by  insect  tissue-extract. 
(Tyrosin  is  a  protein  derivative).  The  wing-cover  pigment,  as  well  as 
both  the  other  pigments  just  mentioned,  could  be  reduced  by  confining 
it  in  the  absence  of  oxygen  with  fresh  tissue-extract  which  was  rich  in 
reductase  activity.  The  coloration  of  newly  emerged  insects  could  be 
entirely  stopped  at  any  stage  by  dropping  the  insects  into  boiling  water 
and  keeping  them  at  that  temperature  for  about  20  minutes.  Again,  if 
white,  newly  moulted  insects  (Periplaneta  Americana  was  used)  were 
submerged  in  CSj  and  kept  there,  almost  no  dark  coloration  developed. 
Also  (as  has  been  generally  found  by  experience)  in  order  to  preserve 
white  grubs  and  pupae  in  alcohol  without  darkening  or  discoloring,  they 
first  had  to  be  treated  with  boiling  water.  That  is  to  say,  some  means 
(such  as  heat)  appeared  to  be  necessary  to  destroy  the  oxidase  activity 
before  placing  the  white  adults,  grubs  or  pupae  in  alcohol ;  otherwise,  the 
inhibiting  action  of  the  strong  reductase,  present  in  the  living  body, 
rapidly  passed  after  death,  and  the  oxidase  (which  is  injured  but  not 
entirely  destroyed  by  alcohol)  then  brought  about  oxidation  and  blacken- 
ing of  the  tissues.  Likewise,  since  an  oxidase  which  could  oxidize  ty- 
rosin was  present  in  the  wing-covers  and  outer  integument  of  P.  comutus 
and  the  cockroach  {Periplaneta  Americana)  it  appeared  that  the  cutic- 
ular  excretion  poured  out  from  the  hypodermal  cells  beneath  the  old 
integument  before  it  became  moulted — the  excretion  which  toent  to  form 
the  integument  of  the  newly  moulted  insect — contained  not  only  the  ty- 
rosin-oxidase but  also  a  tyrosin-like  derivative  (i.  e.  some  similar  organic 
derivative)  which  oxidized,  under  the  influence  of  the  oxidase,  to  form 
the  brown  or  melanic  coloration  of  the  integument.  These  added  in- 
stances of  the  activity  of  an  oxidase  did  not,  so  far,  prove  its  presence 
in  living  cells.  The  evidence  showed,  however,  that  in  blood  exposed  to 
the  air,  in  extract  of  the  tissues  exposed  to  air,  in  the  cuticular  integument 
of  the  newly  moulted  adult  beetle  and  in  the  tissues  of  the  dead  grub 
and  pupse  (killed  by  some  means  that  does  not  destroy  an  oxidase)  a 
very  similar,  if  not  an  absolutely  identical,  melanic  pigment  developed 
under  the  influence  of  an  oxidase  in  every  case — and  more  rapidly  as  the 
reductase  activity  passed.  Moreover,  these  instances  of  melanic  pigment 
formation  served  to  call  to  mind  the  fact  that  in  certain  cells  of  the 
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compound  eyes  of  insects,  and  of  the  ocelli  of  insects  and  spiders,  and 
in  the  hypodermal  cells  forming  the  circular  boundary  of  ocelli,  there 
was  to  be  quite  commonly  found  a  melanic  pigment  which  had  its  origin 
in  the  cells  during  ontogenic  development.  In  view  of  the  proven  cases 
of  melanic  pigment  formation  through  oxidase  action  cited  above,  the 
inference  that  the  development  of  melanic  pigment  in  certain  eye  and 
hypodermal  cells  was  an  example  of  a  similar  oxidase  acting  upon  some 
constituent  of  the  cells,  themselves,  seemed  to  have  justification.  Other 
similar  evidence  might  be  given  all  tending  to  show  that  melanic  pigment, 
in  animal  tissues,  develops  through  the  oxidation  of  some  organic  con- 
stituent of  the  tissues — under  the  influence  of  an  oxidase*  acting  after 
the  tissue-reductase  has  been  either  weakened  or  destroyed  by  some 
means. 

In  order,  then,  to  learn  something  finally  concerning  the  eflPect  of  a  few 
contact  insecticides  (when  used  only  in  such  amounts  as  were  necessary 
to  kill)  upon  oxidases,  catalases  and  reductases  in  the  living  tissues  of 
P.  convutua,  the  method  of  study  was  varied  as  follows : 

Insects  were  killed  by  the  insecticide  agent  to  be  studied,  using  various 
amounts  of  the  agent  for  the  length  of  time  necessary  to  kill.  The  bodies 
were  then  extracted  by  the  method  already  described,  as  soon  as  the 
insects  were  considered  dead  or  beyond  recovery,  and  the  strength  of  the 
oxidase,  catalase  and  reductase  activities  in  this  extract  was  compared 
with  that  in  a  fresh  extract  similarly  prepared  from  the  same  number  of 
untreated  insects.  Tests  were  made  in  this  manner  using  heat,  hydro- 
cyanic acid  gas,  chloroform  and  carbon  disulphide.  It  will  be  appre- 
ciated that  it  was  impossible  to  check  the  factors  of  time,  original 
strengths  of  catalase,  oxidase  and  reductase  in  the  extracts,  etc.  by  this 
method  as  accurately  as  they  could  be  checked  in  the  former  method 
where  samples  were  taken  at  the  same  time,  from  a  single  extract,  for 
study.  Nevertheless,  the  results  show^ed  certain  things  very  satisfactorily. 

The  extract  from  gasoline-vapor-killed  beetles  was  always  much  weaker 
in  reductase  activity  than  the  check,  while  the  catalase  and  oxidase 
activity  remained  much  the  same.  For  example,  when  two  beetles  were 
treated  with  about  3%  gasoline  vapor  for  20  hours,  it  required  4  hours 
for  the  treated  extract  to  reduce  a  certain  amount  of  methylene  blue 
— ^the  check  accomplishing  the  same  reduction  in  10  minutes.  Prac- 
tically no  difference  could  be  seen  in  the  rapidity  with  which  alcoholic 
guaiac  was  oxidized;  and  a  check-extract-sample  liberated  only  2  c.  c. 
more  of  oxygen  from  the  standard  hydrogen  peroxide  than  a  similar 
sample-extract  of  the  insects  killed  by  gasoline. 

The  extract  from  beetles  killed  with  carbon  disulphide  was  always 
quite  white  or  very  light  straw  color  at  first  and  it  remained  so  for  two 
or  three  hours,  usually,  before  it  began  to  darken.  That  is,  oxidase 
action  always  appeared  to  be  almost  entirely  absent,  at  first.  After  a 
few  hours,  however,  this  activity  became  partly  recovered.  Catalase- 
action  was  usually  injured  one-half  or  more,  and  the  reductase  much  less, 
so  that  it  was  relatively  strong,  at  first,  as  compared  with  the  oxidase 
activity. 

Reductase  in  the  extract  of  beetles  treated  21^  hours  with  strong 

•ffftffimj^yiitftn  (Mandftl)  in  hlfl  "Physiological  Chemistry"  quotes  FUrth  with  Schneider  and 
Prisbram,  Oessard,  Neuberg  and  Dewltz  as  having  shown  the  presence  of  tyrosinases  In 
Insect-tissue  and  sepia,  in  melanotic  tumors  and  in  pigmented  skin. 
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chloroform-air  was  found  to  be,  at  the  end  of  that  time,  IG^^  times 
weaker  than  the  check.  The  oxidase  was  apparently  uninjured;  some- 
times it  seemed  a  little  more  active  than  in  the  check.  The  catalase 
showed  but  little  injury. 

Hydrocyanic  acid  gas  caused  great  interference  with  the  activity  of 
the  oxidase.  For  example,  three  beetles  were  treated  in  a  cyanide  bottle 
15  hours  and  then  aired  one-half  hour  before  being  extracted.  This 
extract  remained  light  or  whitish  in  appearance  for  2  hours  before  1i 
began  to  darken  at  the  surface  in  contact  with  the  air,  and  before  it 
would  begin  to  show  any  indication  of  bluing  guaiac.  The  check  re- 
quired only  about  2  minutes  to  bring  about  a  decided  bluing  of  guaiac. 
The  catalase-activity  was  quite  strongly  interfered  with,  at  first;  but 
the  reductase  required  only  about  9  times  longer  to  reduce  its  methylene 
blue  than  the  check. 

Extract  from  beetles  kept  at  44°  to  46°  C.  for  2i/^  hours,  until  dead, 
showed  little  loss  in  catalase  activity — but  more  in  its  oxidasic  and 
reductase  activity.  The  oxidase  was  about  7  times  slower,  and  the 
reductase  about  21  times  slower  than  the  check. 

Clearly,  the  results  given  by  the  last  method  corresponded  very  well 
with  results  obtained  by  the  former  method  where  the  effect  of  the 
insecticide  upon  oxidase,  catalase  and  reductase  in  the  ready-prepared 
extract  was  studied.  It  is  true  that  in  every  case  the  beetles  were  killed 
by  the  insecticide  agent  without  the  entire  destruction  of  any  one  of 
the  three  enzymes — but  never  without  greatly  injuring  one  or  more  of 
them.  Also,  as  will  be  observed,  if  the  reductase  were  strongly  injured, 
the  oxidasic  enzymes  were  usually  little  injured  or  apparently  not  at  all ; 
and  conversely,  if  the  oxidase  and  catalase  were  greatly  injured  by  the 
insecticide,  the  reductase  was  little  injured.  Thus,  the  natural  or  normal 
balance  of  catalase,  oxidase  and  reductase  activity  was  disturbed. 

The  question  may  now  be  repeated:  Is  this  deleterious  effect  of  the 
insecticides  studied,  upon  the  oxidases,  catalases  or  reductases,  the  cause 
of  death?  It  is  hardly  possible  that  the  three  enzyme-like  bodies  named 
in  the  question  could  be  so  universally  present  (with  activities  so  ap- 
parently coordinated)  in  tissue  extracts  and  in  the  living  tissues,  if  they 
were  not  of  vital  importance.  They  surely  accomplish  oxidations  and  re- 
ductions in  the  living  tissues  and  much  evidence  indicates  that  they 
are  a  part,  at  least,  of  the  machinery  of  internal  respiration.  It  has 
been  shown  that  P.  cornutus  cannot  be  killed  or  rendered  beyond  re- 
covery, by  certain  contact  insecticides  studied,  without  decided  injury 
to  one  or  more  of  the  three  activities — oxidase,  catalase  or  reductase. 
This  fact,  taken  in  connection  with  what  has  been  shown  to  be  true  of 
the  influence  of  those  same  insecticides  upon  the  respiratory  rate  and 
the  respiratory-quotient,  supports  the  view  that  oxidase,  catalases  and 
reductases  have  to  do  with  the  starting  and  carrying  forward  of  cell 
respiration.  If  that  view  is  true,  then  the  deleterious  effect  of  the  in- 
secticides (named  in  this  connection)  upon  oxidases,  catalases  or  re- 
ductases in  insects  must  be  an  important  factor — perhaps,  in  some  cases, 
the  determining  factor— in  causing  death. 

No  special  study  has  been  made  of  the  influence  of  various  contact  in- 
secticides upon  the  protoplasmic  activities  which  carry  forward  life- 
processes  in  the  nervous  tissue  cells  of  insects.  Such  a  study  in  this 
connection  would  appear  to  be  of  next  importance,  since  aR  the  volatile 
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insect  fumigants  are  more  or  less  narcotic  in  their  action.  Shiro  Tashiro 
has  found,  by  means  of  his  new  apparatus  for  estimating  exceedingly 
minute  quantities  of  carbon  dioxide  produced  in  nerve  fibres,  that  ether 
and  urathane  "diminish  CO2  production  from  isolated  nerve  fibre"* — 
although  he  was  not  working  with  insects. 

CONCERNING  THE  INFLUENCE  OP  GASOLINE-VAPOR,  ETC.,  AND  LIME- 
SULPHUR  SOLUTION  UPON  THE  PASSAGE  OF  OXYGEN,  RESPECTIVELY. 
THROUGH  FAT  OR  LIPOID,  AND  CERTAIN  WAX  MEMBRAN^3S. 

It  has  been  made  clear  that  gasoline  deleteriously  affected  the  re- 
ductase activity  far  more  quickly  and  severely  than  it  did  that  of  the 
oxidases;  and  further  that,  since  the  presence  of  a  strong  reductase 
tended  to  partly  hold  in  check  oxidase-activity,  the  quick  lowering 
of  reductase-activity  in  a  gasoline-treated  extract  caused  the  latter  to 
show  greater  oxidase  power  for  a  while  than  an  untreated  check  of  the 
same  extract.  This  was  true  when  the  test  was  made  with  fresh  extract 
in  the  presence  of  gasoline  vapor.  But  in  such  tests  as  the  last,  made 
with  extract  that  had  already  lost  the  greater  part  of  its  reductase- 
activity,  the  fact  will  be  remembered  that  a  less  amount  of  oxygen  was 
used  by  the  "extract  plus  hydroquinone  solution"  (and  less  quinone  was 
formed)  in  the  presence  of  air  containing  gasoline  vapor  than  by  the 
check  in  pure  air. 

When  an  extract  a  few  hours  old  was  treated  very  strongly  with  gas- 
oline and  then  test  was  afterward  carried  on  in  fresh  air,  however, 
oxidase  activity  did  not  appear  to  have  been  greatly  lessened.  The 
suspicion  therefore  presented  itself  that  the  lessened  oxidation  of  hydro- 
quinone occasioned  by  the  extract  in  the  presence  of  gasoline-vapor,  as 
well  as  also  the  lessened  use  of  oxygen  by  insects  deeply  under  the  in- 
fluence of  gasoline-vapor,  was  partly  due  to  some  other  cause  than  injury 
of  the  oxidase  or  reductase  by  gasoline. 

As  has  been  mentioned  several  times,  the  first  and  most  noticeable 
fact  in  connection  with  the  tissues  of  an  insect  strongly  treated  with, 
gasoline  vapor,  as  well  as  with  tissue-extract  so  treated,  was  the  solvent 
action  of  the  gasoline  upon  the  fats  and  fat-like  bodies  (lipoids) ;  or, 
looked  at  from  the  other  point  of  view — the  insistent  fact  was  the  solu- 
bility of  the  tissue-fats  and  lipoids  for  gasoline  vapor.  Lipoids  were 
found  to  be  present  in  or  around  the  cells  of  insect  tissues.  For  example, 
a  semi-transparent  lipoid  residue  was  obtained  by  extracting  the  washed 
muscles  of  P.  comutiis  with  ether  containing  a  little  alcohol.  This  was 
perhaps  to  be  expected,  since  the  almost  universal  occurrence  of  lipoids, 
especially  such  as  lecithin,  in  animal  cells  and  animal  fluids  has  been 
recognized  for  several  years.  This  lipoid  residue  obtained  from  the 
r  washed  muscles  of  P,  ccmiutus  absorbed  gasoline  readily.  The  condition 
therefore  seemed  to  obtain  that  wherever  the  lipoids  might  be  found,  in 
the  body  fluids  (blood) — where  they  certainly  were  present — ^in  the 
protoplasm  boundary  layer  of  the  cells  (Overton)  or  in  the  complex  of 
the  cell-protoplasm  itself,  gasoline  would  surely  also  be  present  in  an 
insect  under  the  influence  of  that  insecticide.  In  any  such  case  the 
insect  tissue  cells  would  be  enveloped  by  blood  holding  gasoline  in  solu- 
tion ;  the  ends  of  the  trachaeoles  would  be  permeated  by  gasoline.  Could 


•Am.  Jour,  of  Phyalol.,  Vol.  32,  1913,  No.  11,  p.  117. 
See  also  same  Journal  pp.  137-145. 
See  also  same  Journal  Vol.  34,  1914,  pp.  405-413. 
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it  be  that  this  ready  solubility  for  gasoline  of  the  fats  and  lipoids  of 
insect-tissues  furnished  a  means  for  hindering  the  ahaorption  of  oxygen 
by  the  tissues,  or  lessening  the  oxidation  of  hydroquinone  by  the  oxidase 
of  insect-tissue  extract  in  the  presence  of  gasoline?  It  seemed  that  such 
might  be  the  case,  if  in  fact  it  should  be  found  that  gasoline,  held  in 
solution  by  fats  and  lipoids,  lessened  their  solubility  for  oxygen — ^and  by 
so  doing,  lowered  the  rate  at  which  atmospheric  oxygen  might  pass  into 
an  extract,  or  from  the  trachaeoles  (or  by  any  path)  through  the  fluids 
bathing  the  cells,  on  into  the  cells  to  those  agencies  which  (in  life) 
utilize  the  incoming  oxygen.  Accordingly  plans  were  made  to  determine 
what  change  the  absorption  of  gasoline-vapor  by  a  lipoid  membrane,  such 
as  a  lecithin  membrane  (or  by  a  fat  membrane)  would  have  upon  the 
rate  at  which  oxygen  passed  through  it.  For  the  series  of  experiments 
to  be  made  in  this  connection,  it  did  not  seem  necessary  or  even  desirable 
to  use  the  fat  or  lipoids  derived  from  insects.  Clearly,  the  advantage 
would  lie  in  eliminating  all  possible  variable  quantities.  On  that  account, 
a  comparatively  pure  fat  and  lipoid,  each  of  which  would  be  uniform  and 
easily  obtained,  was  desired.  Several  preliminary  quantitative  absorp- 
tions of  gasoline-vapor,  using  definite  amounts  (3  grams)  of  lard,  lan- 
olin, lecithin,  cholesterin,  and  (for  comparison)  egg-yolk  and  egg-albu- 
men were  first  carried  out.  Some  representative  results  of  a  few  of 
these  absorption  tests  are  given  in  Table  VI.  The  apparatus  used  was 
that  represented  by  Fig.  Ill,  except  that  the  hooked  U-tube  "u"  and 
the  burette  "b"  were  not  needed.  The  3-gram  quantity  of  lecithin  (or 
eggwhite,  etc.)  was  placed  in  a  standard  stender  dish — ^so  that  the  same 
absorbing-surface  was  exposed  always — and  the  dish  was  then  floated 
upon  mercury  in  the  gas-container  "g.  c."  Most  of  the  tests  were  made 
over  rather  short  periods,  during  which  the  barometer  and  thermometer 
remained  practically  constant.  Checks  showed  that  in  pure  air  the 
volume  of  gas  enclosed  with  the  absorbent  (fat,  etc.)  which  was  being 
tested  remained  unchanged  over  similar  periods  of  time.  In  the  tests, 
a  loss  in  volume  as  shown  by  the  gas-burette  was  therefore  the  measure 
of  the  "gasoline-vapor"  that  had  been  absorbed.  At  the  end  of  each  test 
the  percentage  of  gasoline-vapor  still  present  was  determined  from  a 
sample  taken  from  the  gas-container — ^using  the  "Nordhausen  sulphuric 
acid"  method  of  estimation  already  described  in  the  former  bulletin. 


TABLE  VI.— COMPARATIVE  SOLUBILITY  OF  GASOLINE-VAPOR  IN  3  GRAMS:  RE- 
SPECTIVELY, OF  LECITHIN,  EGG-WHITE,  ETC. 


Material. 

Temperature. 

Per  cent 
gasoline  vapor 
at  end  of  test. 

Volume 
measure  of 
gasoline- 
vapor  absorbed. 

Time  used. 

\b    Egg-yolk  f fresh)  

Eeg-yoUc  (fresh)  

EgR-yolk  (fertile  egg)  after  4 

EgK-yolk  (fertile  egg)  after  5 

22. 2»  C  

22.2°  C  

24.1'  C  

23.7°  C  

25.0°  C  

26.8°  C  

24.0°  C  

22.4°  C  

3.0%  



3.0%  

3.0%  

3.6%  

3.0%  

4.4%  

4.0%  

2.7  c.  c  

0.6  c.  c  

0.7  c.  c  

0.1  c.  c  

0.1  c.  c  

0.6-c.  c  

1.0  c.  c  

1.8  c.  c  

1  30  min. 

1  40  min. 

60  min. 
20  min. 

60  min. 

30  min. 

The  lecithin  (H.  P.  from  egg,  Merck)  was  used,  as  received  from  Merck, 
in  the  form  of  a  paste;  and  in  the  case  of  cholesterin  ih#  soft  dry^g^wder 
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was  used.  The  ready  capacity  of  lecithin  to  absorb  gasoline-vapor,  from 
air  containing  it,  is  illustrated  in  the  table.  In  connection  with  the 
solubility  of  egg-white  for  gasoline,  it  must  be  remembered  that  even 
egg-white  is  not  pure  albumen,  but  that  it  contains  a  mesh  of  extremely 
fine  membranes  of  keratin  and  a  very  small  amount  of  fats,  lecithin,  and 
cholesterin.  The  largest  absorption  of  (3%)  gasoline-vapor  by  3  grms. 
of  ^g-albumen  was  that  given  in  Exp.  No.  2  (0.7  c.  c).  A  surprise 
came  in  finding  the  comparative  solubility  of  fresh  egg-yolk  for  gasoline- 
vapor  as  shown  in  the  table.  The  results  obtained  in  connection  with 
fresh  and  incubated  egg-yolk  will  be  referred  to  again  under  the  next 
heading. 

After  these  preliminary  tests  and  other  trials,  lard  was  selected  as 
the  fat  and  lecithin  as  the  lipoid  which  seemed  best  adapted  for  the 
purpose  (according  to  the  plan  mentioned  above)  of  being  spread  into 
membranes  to  be  used  in  determining  the  effect  of  gasoline-vapor  upon 
their  permeability  to  oxygen  of  the  air.  However,  a  few  tests  were  made 
with  membranes  composed  of  a  mixture  of  lard  and  lecithin,  and  also 
with  lanoline  membranes.  All  these  membranes  were  prepared,  and 
manipulated  to  obtain  the  results  required  by  the  plan,  as  follows : 

A  very  light  India  muslin  was  used  for  the  sustaining  fabric,  and  over 
this  the  lecithin  (or  lard,  etc.)  was  spread  in  a  thin  sheet  entirely  cover- 
ing the  fabric  and  filling  its  meshes  to  form  essentially  a  lecithin  (or 
lard,  etc.)  membrane.  In  making  use  of  such  a  lecithin  membrane,  for 
example,  it  was  placed  as  a  cover  over  the  mouth  of  a  small  preparation 
dish  (4  cm.  in  diameter),  which  had  been  almost  but  not  quite  filled  with 
concentrated  lime-sulphur  solution.  The  cover  was  then  fastened  down 
"lecithin  tight"  with  a  thin  metal  band,  thus  enclosing  a  small  air  space 
above  the  lime-sulphur  in  the  preparation  dish.  Great  care  was  used 
in  order  that  the  lime-sulphur  might  not  wet  the  lecithin  cover,  and 
the  dish  was  floated  up  on  mercury  in  the  gas  container  of  the  apparatus, 
Fig.  III.  In  this  position,  the  covered  preparation  dish  was  allowed 
to  stand  a  few  hours.  Then  the  mercury  manometer  "m"  was  adjusted 
level.  The  thermometer  and  barometer  readings,  the  time  and  the  read- 
ing of  the  gas-burette  "a"  were  all  recorded.  After  a  certain  definite 
period  all  these  readings  were  recorded  again,  the  mercury-manometer 
having  been  first  leveled  once  more  through  adjusting  the  height  of  the 
mercury  column  in  the  gas-burette  "a".  In  this  manner,  the  rate  of 
volume-decrease  of  the  air  in  the  gas-container  "c"  was  determined.  The 
decrease  was  due  to  a  decrease  in  the  amount  of  oxygen  in  the  air  of 
the  container  holding  the  membrane-covered  dish  of  lime-sulphur  solu- 
tion. This  was  definitely  proven  by  determining  the  percentage  of  oxygen 
in  the  air  from  samples  taken  from  the  container  immediately  before 
the  tests  began  and  immediately  after  the  last  set  of  readings  were 
recorded — the  volume  of  air  used  in  the  container  during  the  test  being 
known.  Since  the  conditions  of  the  experiment  have  been  outlined,  it 
will  be  clear  that  this  rate  of  decrease  in  oxygen  was  the  rate  at  which 
oxygen  was  passing  through  the  lecithin  membrane— -or  whatever  mem- 
brane was  used  to  cover  the  preparation  dish.  From  the  beginning  of 
the  test,  the  lime-sulphur  solution  absorbed  oxygen  gradually  and  stead- 
ily from  the  small  air-space  above  it.  Just  as  constantly,  oxygen  was 
given  off  from  the  under  side  of  the  membrane  (to  the  small  air-space 
above  the  lime-sulphur)  and  taken  up  or  absorbed  by  the  upper  surface 
of  the  membrane  from  the  air  of  the  container — the  volume  of  whi<j^  was 
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comparatively  large.  The  prime  condition  was  (it  will  be  remembered) 
that  the  lecithin  cover  (or  lard,  etc.)  closed  the  preparation  dish  "lecithin 
tight."  No  oxygen  could  pass  into  the  air  space  of  the  dish  except  it 
passed  through  the  lecithin  itself.  When  the  rate  at  which  oxygen  passed 
through  the  membrane  from  air  had  thus  been  determined,  the  mercury 
mug  "b"  was  raised,  cocks  "a"  and  "c"  were  opened  and  as  much  of  the 
air  as  possible  was  carefully  expelled.*  Then,  from  a  stock  preparation, 
gasoline-air  was  drawn  into  the  container  as  the  mercury  mug  was 
lowered.  At  first,  gasoline-vapor  was  absorbed  rapidly  by  the  lecithin 
membrane.  By  making  tests  (as  already  described)  at  intervals,  it  was 
found  that  the  rate  of  decrease  in  volume  would  finally  settle  down  to 
a  fairly  uniform  rate.  That  is,  the  membrane  would  finally  become 
saturated  with  the  gasoline-vapor,  and  the  decrease  in  volume  after  that 
was  due  to  the  loss  in  oxygen  absorbed  by  the  lime-sulphur  solution. 
This  last  rate  was  then  determined  as  accurately  as  possible  (just  as  has 
been  explained  when  the  cup  was  in  air.)  Here  also,  the  direct  method 
of  measuring  the  loss  in  volume  of  oxygen  could  be  checked  by  taking 
samples  of  gasoline-air  at  the  beginning  and  at  the  end — making  de- 
terminations of  the  percentage  of  gasoline  and  of  oxygen  present 
at  each  time  and  thus  figuring  the  rate  at  which  oxygen  had 
been  absorbed.  Now  this  last  rate  in  the  loss  of  oxygen,  it  will  be 
observed,  was  the  rate  at  which  oxygen  passed  through  the  same  lecithin 
membrane  after  the  latter  had  become  saturated  with  gasoline-vapor  in 
the  presence  of  gasoline-vapor-air.  The  rate  at  which  oxygen  passed 
through  the  lecithin  membrane  in  air  might  therefore  be  compared  with 
the  corresponding  rate  when  the  membrane  was  under  the  influence  of 
gasoline-vapor.  In  many  of  the  experiments,  the  covered  preparation  dish 
was  taken  from  the  container  and  aired  until  as  much  as  possible  of 
the  gasoline-vapor  had  evaporated  from  the  lecithin  cover.  After  that 
the  dish  was  carefully  replaced  in  fresh  air  in  the  container  and  the 
rate  at  which  oxygen  passed  through  the  membrane  again  determined. 
This  was  done,  as  a  check,  to  learn  whether  the  lime-sulphur  solution 
was  still  in  conditicm  to  absorb  oxygen  at  a  practically  uniform  rate 
when  the  membrane  was  exposed  to  pure  air..  Further  precautionary 
checks  were  made  by  finding  the  rate  at  which  the  uncovered  dish  of 
lime-sulphur  absorbed  oxygen  in  pure  air  and  in  gasoline  air.  These 
checks  showed  conclusively  that  at  the  end  of  the  series  of  tests  the 
lime-sulphur  solution  was  still  active  enough  to  absorb  oxygen  much 
more  rapidly  than  the  lecithin  or  other  membranes  could  take  up  that 
gas  and  pass  it  through  to  the  absorbing  solution,  either  in  pure  air  or 
gasoline-vapor-air.  In  all  cases,  the  temperature  during  any  series  of 
tests  was  kept  as  uniform  as  possible.  When  the  thermometer  or  bar- 
ometer changed  appreciably,  or  whenever  the  tests  extended  over  more 
than  three  hours,  all  gas-volume  measurements  were  changed  to  0°  C, 
and  760  m.  m.  mercury  pressure  before  comparisons  were  made. 

Over  35  trial  experiments  were  made  with  the  apparatus  in  learning 
the  best  thickness  of  membrane  to  use,  and  the  time-limits  (in  order  that 
the  lime-sulphur  solution  should  not  be  weakened  too  much),  as  well  as 
many  other  details.  Thereafter,  twelve  series  of  tests  were  run  to 
determine  the  influence  of  gasoline-vapor  upon  the  rate  of  oxygen  transfer 

fas^GS^the^^o^J^r^^JShtSL^*^?^  was  used  around  the  top  of  the  preparation  dish  to 

cSl?Sly  SrotG^ru  7rom^^^^^^  projected  above  the  surface  of  the  l^r  enoneh  to 

entirely  protect  It  from  damage  by  the  top  of  the  contaJner  when  th^ftir  wpg  ^C)^^r^ 


HOW  CONTACT  INSECTICIDES  KILL. 


43 


through  lecithin,  lecithin-lard  and  lanolin  membranes.  The  lecithin-lard 
mixture  was  made  of  about  equal  parts  of  lecithin  and  lard  thoroughly 
mixed  together.  In  half  of  these  both  methods  mentioned  were  run  to 
gether — i.  e.  the  method  of  total  gas-volume  measurements,  and  the 
method  of  percentage  determinations  of  the  oxygen,  gasoline-vapor,  etc., 
present  at  the  start  and  the  end  of  each  separate  test  in  the  series.  The 
cautionary  checks  were  also  observed.  Four  series  of  tests  were  run  to 
determine  the  influence  of  chloroform-vapor  upon  the  rate  of  oxygen 
transfer  through  lecithin  membranes.  These  four  series  of  tests  were 
carried  out  by  the  one  method  only — namely,  that  of  the  total  gas- 
volume  measurements  at  the  beginning  and  end  of  each  test. 

The  results  of  all  the  experiments  by  both  methods  pointed  directly 
to  the  conclusion  that,  in  the  presence  of  gasoline-vapor  air  or  chloro- 
form-vapor air,  the  membranes  named  permitted  less  oxygen  to  pass  per 
unit  of  time  than  they  permitted  in  air  only. 

Note  that  the  experiments  with  the  covered  preparation  dish  of  lime- 
sulphur  were  carried  out  under  the  conditions  encountered  regularly  by 
the  tissue  cells  of  an  insect  subjected  to  fumigation  by  gasoline-vapor  or 
chloroform-vapor.  Just  as  oxygen  reached  the  lime-sulphur  for  absorp- 
tion at  a  lower  rate,  when  passing  through  the  lecithin  membrane  in 
the  presence  of  gasoline-vapor  or  chloroform-vapor,  so,  it  may  be  judged, 
less  oxygen  would  be  able  to  reach  the  oxygen-absorbing  protoplasm  of 
the  cells  through  the  surrounding  body  fluids  (blood)  etc.,  the  lipoids  of 
which  held  gasoline-vapor.  So  also,  in  the  presence  of  air  containing  that 
vapor,  less  oxygen  would  be  able  to  pass  through  the  surface  of  an 
insect-tissue  extract  (containing  hydroquinone,  for  example)  into  the 
extract  where  it  could  be  utilized  by  the  oxidase  in  oxidizing  hydro- 
quinone. 

Now,  the  actual  percentage  of  oxygen  present  in  the  gasoline-vapor  air 
would  naturally  be  lower  than  in  normal,  pure  air  through  dilution  by 
the  gasoline-vapor,  but  it  appeared  that  this  alone  could  not  fully  account 
for  the  lower  rate  of  oxygen  transfer  through  the  membranes.  Attention 
may  be  called  to  the  fact  that  when  the  percentage  of  oxygen  in  the  air 
of  the  container,  for  the  "air  only"  tests,  was  made  as  nearly  equal  as 
possible  to  the  percentage  of  oxygen  in  the  gasoline  air  used  (see  Nos. 
3  and  4,  Table  VII),  the  rate  of  oxygen  transfer  through  the  membrane 
remained  lower,  nevertheless,  in  the  presence  of  gasoline-vapor.  In  Exp. 
3  (Table  VII)  the  oxygen  percentage  was  20.2  at  the  beginning,  and 
18.26  at  the  end  of  test  No.  1.  In  test  No.  2,  carried  out  in  "gasoline- 
vapor  air''  mixture,  18.26  per  cent  oxygen  was  present  at  the  start  and 
17.5  per  cent,  at  the  end.  Test  No.  3  of  Exp.  3  was  started  after  the 
covered  preparation  dish  had  been  aired  several  hours.  All  the  gasoline 
had  not  been  given  up  by  the  membrane,  however — and  by  the  end  of 
the  test,  the  small  percentage  of  gasoline- vapor  shown  in  the  table  had 
been  given  off  to  the  air  of  the  container.  A  very  thick  lecithin-lard 
membrane  had  been  used.  In  Exp.  4  (test  No.  1)  of  the  same  table,  the 
percentage  of  oxygen  at  the  beginning  was  15.13,  and  at  the  end,  13.2. 
In  test  No.  2  of  this  experiment,  the  gasoline-vapor  air  contained  14.6 
per  cent  oxygen  at  the  start,  and  13.11  per  cent  at  the  end.  The  con- 
clusion in  regard  to  this  point  must  be,  therefore,  that  the  gasoline-vapor 
which  was  taken  up  by  the  membranes  rendered  them  less  permeable  to 
oxygen.   Eepresentative  results  are  given  in  Table  VII. 
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Before  figuring  the  rates  given  in  Table  VII,  all  gas-volumes  were 
reduced  to  0°  C,  and  760  m.  m.  mercury  pressure.  Since  all  tests  were 
not  run  for  equal  periods  of  time,  it  was  necessary  to  figure  results  to 
some  certain  period — a  ten-hour  period  was  used.  Results  of  experi- 
ments with  gasoline-vapor  are  those  obtained  through  estimating  the 
actual  amount  of  oxygen  present  at  the  beginning  and  end  of  each  test. 
Where  two  or  three  determinations  were  made,  the  value  given  under  any 
test  number  in  the  table  is  the  value  which  came  nearest  the  average.  As 
has  already  been  mentioned,  however,  all  determinations  (by  both  meth- 
ods) led  to  the  same  general  conclusion  already  stated. 

In  this  connection,  it  occurred  to  the  author  that  a  good  opportunity 
had  presented  itself  for  testing  the  effect  of  lime-sulphur,  itself,  upon  the 
permeability  of  a  wax  membrane  to  oxygen.  Accordingly  two  series  of 
tests,  results  of  which  are  given  under  Nos.  7  and  8  of  Table  VII,  were 
carried  out,  using  bees  wax  and  shellac  membranes.  The  membranes 
were  formed  by  dipping  thin  India  linen  in  melted  beeswax,  and  in 
melted  shellac,  until  membranes  of  the  desired  thickness  were  obtained. 
After  the  tests  with  a  dry  membrane  had  been  carried  out,  the  prepara- 
tion dish  (over  which  the  membrane  was  fastened  as  a  cover)  was  in- 
verted and  shaken  until  the  lime-sulphur  in  the  dish  had  thoroughly 
wet  the  surface  of  the  membrane  inside  the  dish.  Before  test  No.  2 
of  Exp.  8  was  tried,  the  preparation  dish  was  only  shaken.  It  was 
again  thoroughly  shaken,  before  test  No.  3;  and  before  the  fourth  test 
the  dish  was  inverted — the  lime-sulphur  solution  being  left  in  contact 
with  the  shellac  membrane,  thus,  for  25  minutes.  In  that  time,  the 
solution  had  "taken  hold"  and  thoroughly  wet  the  membrane.  Note 
the  decline  in  the  rate  of  oxygen  transfer.  Both  sets  of  tests  showed 
that  much  less  oxygen  was  absorbed  (i.  e.  passed  through  the  membrane) 
after  the  membrane-surface,  inside  the  preparation  dish,  had  been  wet 
with  the  solution.  That  is,  the  lime-sulphur  solution  rendered  the  wax 
membranes  decidedly  less  permeable  to  oxygen — ^less  able  to  transmit 
oxygen.  There  seems  to  be  no  reason  why  lime-sulphur*  would  not  have 
the  same  effect  upon  the  wax  covering  of  a  scale  insect,  such  as  that  of 
the  San  Jose  scale. 

A  few  experiments  had  been  made  a  long  while  ago  with  living  grass- 
hoppers (Melanoplns)  in  air  containing  very  strong  fumes  of  osmic  acid. 
These  insects  were  darkened,  and  were  rendered  clumsy  in  their  move- 
ments, but  they  lived  for  many  hours  in  the  fumes  of  the  acid.  It  seemed 
a  wonder  that  they  could  thus  withstand  the  fumes — and  that  the  fumes 
did  not  penetrate.  In  addition  to  the  membrane-experiments  just  re- 
cited, therefore,  one  set  of  tests  was  carried  out  to  determine  the  rate  at 
which  oxygen  from  air  could  pass  through  a  lecithin-lard  membrane 
before  and  after  the  membrane  had  been  exposed  to  strong  osmic  acid 
fumes.  Oxygen  passed  through  the  membrane  at  the  rate  of  1.3  c.  c. 
per  hour  before  treatment  with  the  fumes.  The  membrane  was  treated 
(from  one  side)  with  the  fumes  for  over  three  hours.  It  was  then  aired 
over  night,  and  on  the  next  day,  in  the  three  tests  made,  the  darkened 
membrane  did  not  transmit  oxygen  at  a  greater  rate  than  0.2  c.  c.  per 
hour — ^i.  e.  the  rate  was  about  six  times  slower  than  before  the  treatment. 
The  lecithin-lard  membrane  was  penetrated  by  the  fumes  but  slowly. 

*Some  other  scalecide  properties  of  llme-sulphur  are  glyen  In  Tech.  Bull.  11. 
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(The  very  poor  penetr$iting  power  of  osmic  acid  fumes,  when  used  as  a 
histological  killing  agent,  are  well  known.)  It  may  only  be  suggested 
here  that  perhaps  the  first  effect  of  osmic  acid  fumes  in  blackening  lipoids 
and  fats  in  the  experiment-membrane  (or  the  surface  of  a  living  grass- 
hopper, etc.)  is  to  establish  a  black  surface-membrane  at  once  which  is 
not  only  a  little  less  permeable  to  oxygen,  but  also  much  less  permeable 
to  the  osmic  acid  fumes,  themselves. 


THE  EFFECT  OF  TEMPERATURE  ON  THE  CAPACITY  OF  LIVING  INSECT 
TISSUES  FOR  THE  ABSORPTION  OF  CERTAIN 
GASES  OR  VAPORS. 

In  Table  VI  results  are  given  of  gasoline-vapor  absorptions  by  3-gram 
samples  of  egg-albumen,  and  also  by  the  same  amounts,  respectively,  of 
fresh  unincubated  egg-yolk  and  of  fertile  egg-yolk  after  four  and  five 
days  of  incubation.  It  was  a  surprise,  in  these  tests,  to  find  that  gas- 
oline vapor  was  about  six  times  more  soluble  in  egg-albumen  than  in  the 
fresh  egg-yolk,  although  the  latter  contained  fats  and  fat-like  material 
in  the  greater  amounts  by  far.  All  other  tests,  so  far  carried  out,  had 
shown  fats  and  lecithin  to  have  greater  capacity  for  the  absorption  of 
gasoline-vapor  than  egg-albumen.  The  exception,  therefore,  seemed  so 
interesting  and  so  possibly  significant  that  it  was  decided  to  test  the 
absorption  capacity  of  the  yolk  for  gasoline-vapor  after  certain  periods 
of  incubation.  The  yolk  of  infertile  eggs,  even  after  several  days  of 
incubation,  was  found  to  give  the  same  results  as  yolk  taken  from  fresh 
unincubated  eggs.  In  the  case  of  incubated  fertile  eggs  the  young,  de- 
veloping embryo  was  stirred  up  with  the  yolk  before  the  3-gram  sample 
for  the  absorption  test  was  taken.  A  comparison  of  such  results  of  yolk- 
absorptions  as  are  given  in  Nos.  2  and  3  with  those  given  in  Nos.  5  and  6 
of  Table  VI  seemed  to  show  that  the  solubility,  for  gasoline-vapor,  of  fats 
and  lipoids  in  the  yolk  changed  greatly  in  the  four  and  five  days  of  incu- 
bation. The  first  few  hours  of  incubation  did  not  bring  about  a  measur- 
able change  in  the  capacity  of  the  yolk  to  dissolve  gasoline-vapor.  All 
the  tests  with  yolk  samples  as  given  in  the  table  were  made  at  a  room 
temperature  of  25*"  to  26°  C.  Four  tests  with  yolk  samples  of  only  a  few 
hours  incubation  were  made  in  a  small  incubation  room  at  103°  F. 
These  gave  practically  the  same  results,  as  to  absorption  capacity,  as 
similar  tests  at  the  ordinary  room  temperature;  if  there  was  any  in- 
crease in  that  capacity,  it.  was  not  great  enough  to  measure.  As  is  well 
known,  on  about  the  fourth  and  fifth  days  of  incubation  the  embryo  of 
the  hen's  egg  begins  to  show  quite  decided  respiratory  activity,  and  a 
period  of  rapid  development  begins.  It  was  at  this  period  of  incubation 
that  the  decided  increase  in  the  capacity  for  absorbing  gasoline  vapor 
was  shown  by  the  embryo-yolk-mixture.*  Here  was  an  interesting  change, 
(an  increase)  in  the  absorption  capacity  of  the  yolk-mixture  for  gasoline 
vapor,  which  seemed  to  be  related  with  the  changes  that  made  for  active 
development  in  the  embryo.  As  long  as  the  embryo  remained  compar- 
atively dormant  (or,  was  unable  to  develop  through  non-fertilization, 

•Attention  should  be  called  to  the  fact  that  absorption  results  In  5  and  6  are  much  greater 
than  the  absorptions  given  by  egg-albumon  (1.  e.  eeg-whlte).  It  would  seem  that  the  change 
m  the  embryo-yolk-mixture,  which  occasioned  an  increase  in  the  gasollne-yapor  absorptions, 
was  probably  a  change  in  the  fats  and  lipoids.  The  amount  of  alcohol-soluble  material  in 
the  embryo  is  said  to  increase  rapidly  with  development. 
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when  incubated)  the  capacity  for  absorbing  gasoline  vapor  remained 
comparatively  low.  These  facts  surely  seemed  significant  in  connection 
with  the  behavior  of  gasoline  vapor,  and  the  like,  toward  dormant  in- 
sects. 

It  is  a  well  known  rule  that  dormant  insects  are  harder  to  kill  with 
fnmigants  (such  as  gasoline  vapor,  carbon  disulphide,  etc.),  and  that 
they  are  more  resistant  to  sprays  of  kerosene  emulsion  and  the  miscible 
oils  in  general  than  are  active  insects  of  the  same  species.  The  question 
naturally  arose  in  this  connection,  therefore,  as  to  whether  insects  in 
the  dormant  state,  from  cold  say,  might  not  absorb  less  gasoline  vapor 
under  a  given  fumigation  charge  than  they  would  absorb  when  in  the 
active  condition.  In  view  of  the  close  relation  which  the  question  bore 
to  the  main  problem  of  how  contact  insecticides  kill,  experiments  were 
planned  to  determine  whether  dormant  insects  would  take  up  less  of  such 
a  fumigant  as  gasoline  vapor  than  would  be  taken  up  by  the  same  in- 
sects after  they  had  been  brought  into  an  active  condition. 

Hibernating  Luna  moth  pupae  were  selected  as  the  first  insects  to  be 
nsed  in  these  experiments,  and  gasoline  vapor  was  the  fumigant  chosen. 
This  fumigant  was  used  again  in  this  case  for  the  reason,  already  men- 
tioned several  times,  that  it  permitted  of  accurate  percentage  determina- 
tions of  itself  and  of  the  oxygen  and  carbon  dioxide  present  in  the  air 
in  which  it  was  used.  The  pupae  had  been  kept  in  the  cold  room  of  the 
insectary  all  fall  and  winter  until  the  experiments  were  first  undertaken 
December  17,  1913.  The  apparatus  represented  in  Figure  III  (except  for 
the  hooked  U-tube,  and  the  burette  "f')  was  moved  into  the  cold 
room  six  to  eight  hours  before  an  experiment  was  to  be  begun,  in  order 
that  everything  might  reach  the  temperature  of  that  room.  Among  the 
accessories  was  a  separate  gas  container  with  a  stock  supply  of  gasoline- 
vapor-air,  and  a  little  water  to  maintain  saturation  with  water  vapor. 
The  dormant  pupae  were  floated  up  on  mercury  in  the  gas  container  "c". 
Fig.  III.  The  mercury  in  the  container  was  raised  until  almost  all  air 
was  expelled  and  the  pupae  were  near  the  top.  The  outlet  cock  "t" 
of  the  container  "c"  was  then  connected  with  the  stock-container  of 
gasoline-vapor-air  and  the  required  amount  of  gasoline-vapor-air  was 
quickly  drawn  in  with  the  pupae.  Within  the  next  half  minute,,  a  sample 
of  the  gasoline-vapor-air  with  the  pupae  was  drawn  off  above  mercury 
into  a  separate  gas-container,  to  be  kept  for  percentage  estimations.  The 
mercury  manometer,  "m"  Fig.  Ill,  was  quickly  leveled  and  the  apparatus 
was  then  watched  until  the  first  rapid  loss  in  volume  had  passed,  and  the 
manometer  showed  that  no  more  gasoline  vapor  was  being  absorbed. 
Then,  a  second  sample  of  the  gasoline-vapor-air  confined  with  the  insects 
was  drawn  off  for  estimation  in  the  same  manner  as  the  first.  Both  the 
samples  (one  taken  at  the  beginning  and  one  at  the  end  of  the  test)  were 
removed  to  the  laboratory  and  allowed  to  stand  until  they  reached  the 
temperature  of  the  room  and  of  the  apparatus  (i.  e.  gas-pipettes  and 
compensation  burette;*  (see  Fig.  4,  p.  27,  Tech.  Bull.  11,  this  station) 
used  in  making  the  |)ercentage  estimations.  After  that,  the  percentages 
of  gasoline  vapor,  of  carbon  dioxide,  and  of  oxygen  present  at  the  be- 
ginning and  at  the  end  of  the  absorption  test  with  the  pupae  were  de- 
termined.  From  these  results,  knowing  the  volume  of  gas  present  with 

•By  means  of  this  burette,  direct  volume  mcasuremcnta  at  0**C.  and  760  m.  m.  mercurj' 
pressure,  with  proper  water  vapor-tenslon  corrections,  could  be  made. 
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the  insects  at  the  beginning,  the  amount  of  gasoline  vapor  present  at 
the  start,  and  the  amount  absorbed,  could  be  figured. 

At  the  end  of  the  absorption  test,  the  pup»  were  carefully 
removed  from  the  container  and  aired.  They  were  then  brought  into  the 
laboratory,  where  they  might  warm  up  and  start  active  development. 
After  their  actions,  taken  in  connection  with  respiration  tests,  showed 
that  they  were  in  an  "active  state",  an  absorption  test  with  gasoline- 
vapor-air  (using  as  nearly  as  possible  the  same  percentage  and  the  same 
amount  of  gasoline  vapor)  was  carried  out  in  the  warm  room  by  the 
same  method  as  in  the  former  case. 

Two  separate  experiments  with  Luna  moth  pupae,  entailing  the  com- 
plete sets  of  estimations  just  outlined,  were  carried  out  by  this  method. 
Results  of  these  two  experiments  are  given  in  Table  VIII,  Nos.  1  and  2. 


TABLE  VIII.- 


-INSECTICIDE-VAPOR  ABSORPTIONS  OF  COLD  (DORMANT)  AND  WARM 
(ACTIVE)  INSECTS. 


Insects. 


Vapor  used. 


Temperature. 


Volume  of 
vapor  absorbed. 


Time. 


1. 
2. 


6  Pupae  of  Luna  moth;  15  grms. . . 

6  Pupae  of  Luna  moth;  15  grms. . . 
0  Pupae  of  Luna  moth;  20  gnna. . . 

0  Pupae  of  Luna  moth;  20  grms. . . 

5  Passalus  comutus,  10  grms  

5  Passaius  oomutus.  10  grms  > 

5  Passaius  oomutus,  10  grms  

5  Passaius  comutus,  10  grms  

5  Passaius  comutus.  11.2  grms. . . . 

5  Passaius  comutus,  11.2  grms  

5  Passaius  comutus,  11.2  grms  

5  Passaius  comutus,  11.2  grms.  ...  I 
5  Passaius  comutus,  10.5  grms .... 
5  Passaius  comutus,  10.5  grms.  . . . 
5  Passaius  oomutus,  10.5  grms .... 
5  Passaius  cornutus.  10.5  grms .... 

5  Passaius  comutus,  10  grms  

5  Passaius  oomutus.  10  grms  

5  Passaius  comutus,  10  grms  

5  Passaius  comutus,  10  grms  i 


Gasoline  vapor 
2.6%  

2.8%  

Gasolme  vapor 
2.12%... 

2.4%  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  

Ether  


9.2"  C  

24.6°  C  

7.2«C  

24. 8"  C  

O.O^C  

0.6*»  C  

22.2*  C  

22.2*  C  

-LO**  C  

-l.O^C  

23.4»  C  

23.4»  C  

-2.0«  C  

-2  .0'*  C  

24.0°  C  

24.0°  C  

-2.4»  C  

 2  4®  C 

About  20.0'»'C 
About  20.0°  C 


0.88  c.  c. . . 
1.13  c.  c... 


0.35  c.  c. 
0.89  c.  c. 
1.2  c.  c.  . 
1.4C.C.. 
6.0  c.  c. . 
7.5  c.  c.  . 
2.40  c.  c. 
2.45  c.  c. 
5.2  c.  c.  .  . 


21ir8. 
2  his. 

1  hr. 
1  hr. 
10  min. 
30  min. 
10  min. 
30  min. 
10  min. 
15  min. 
10  min. 

5.4  c.  c   15  min. 


0.7  c.  c  , 

0.8  c.  c  

5.1  c.  c  

6.0  c.  c  

0.4  c.  c  

0.5  c.  c  

1.2C.C  

1 .6  c.  c  


10  min. 
20  min. 
10  min. 
20  min. 
10  min. 
20  min. 
10  min. 
aOmin. 


At  the  beginning  of  Exp.  No.  1,  in  the  cold  room,  there  were  2.08  c.  c. 
of  gasoline  vapor  present  in  the  air  with  the  pupae.  The  t;able  shows 
that  0.38  c.  c.  of  the  vapor  was  absorbed — that  is,  only  0.18  of  all  the 
gasoline  vapor  present  at  the  start  was  absorbed  by  the  six  pupae.  The 
latter  were  all  alive  when  brought  into  the  warm  room.  They  were  kept 
in  moist  air  and  their  activity  increased.  By  the  third  day,  the  respira- 
tion had  increased  to  more  than  three  times  its  rate  in  the  cold  room. 
On  the  sixth  day,  the  rate  was  about  the  same  or  slightly  less.  The 
pupae  were  kept  in  the  warm  room  17  days,  in  all,  before  the  last  absorp- 
tion test  was  made.  Since,  by  the  method  used,  not  all  the  air  was 
expelled  from  the  container  before  gasoline-air  was  drawn  in  with  the 
pupae  above  the  mercury,  it  was  impossible  to  make  sure  that  the  per- 
centage of  gasoline  vapor  used  in  the  warm  room  was  just  the  same  as 
was  used  in  the  cold  room  test.  As  may  be  seen  by  the  table,  however, 
it  was  possible  to  make  the  percentages  almost  or  ptsictically  the  same. 
In  the  warm  room  test  of  Exp.  1,  there  were  2.24  c.  c.  of  gasoline  vapor 
present  in  the  air  used,  and  0.5+  of  all  this  was  absorbed  by  the  same 
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pupae  which  in  the  dormant  stage  had  absorbed  only  0.18  +  of  the  2.08 
c.  c.  of  gasoline  vapor  placed  with  the  air  used  in  the  cold  room  test. 

When  the  nine  pupae,  used  in  Exp.  2,  were  removed  from  the  gasoline- 
vapor-air  at  the  end  of  the  test  in  the  cold  room,  they  ,  had  become  quite 
sensitive  to  touch.  They  would  wriggle  actively  when  touched.  The 
gasoline  vapor  seemed  to  have  stimulated  them.  They  were  removed  to 
the  warm  room  and  kept  there  about  15  days  before  the  second  absorp- 
tion test  was  run.  In  this  experiment  1.96  c.  c.  of  gasoline  vapor  was 
present  in  the  air  at  the  beginning  of  the  warm  room  test,  and  0.45+ 
of  this  vapor  was  absorbed  by  the  pupae  as  against  only  0.2  +  of  the 
1.7  c.  c.  of  vapor  present  in  the  air  during  the  cold  room  test.  About 
80  c.  c.  of  gasoline-vapor-air  was  present  at  the  end  of  each  test.  The 
ratio  of  the  absorbed  gasoline  vapor  to  the  whole  amount  present  was, 
in  both  experiments,  greatest  in  the  warm  room  tests  where  the  insects 
were  undergoing  active  development.  All  the  pupae  recovered  at  the 
end  of  the  tests,  and  the  first  moths  began  to  emerge  about  five  days  after 
the  last  tests  in  each  experiment.  Adults  emerged  from  all  the  pupae, 
although  none  were  very  perfect  moths.  After  the  above  experiments, 
it  was  decided  to  use  adult  Passalus  cornutus  in  absorption-tests  made, . 
first,  when  the  beetles  were  quiet  and  dormant  from  cold,  and  again  when 
they  had  become  active  in  the  warm  room.  These  beetles  were  chosen 
because,  as  has  been  explained  in  Bulletin  11,  all  of  the  air  could  be 
safely  forced  out  from  around  these  insects  by  mercury.  Thus,  it  was 
possible  to  introduce  samples  of  the  same  stock  of  insecticide-vapor-air 
into  the  container,  unmixed  with  other  air,  in  the  cold  room  and  in  the 
warm  room.  Air  that  was  almost,  but  not  quite,  saturated  with  the 
insecticide  vapor  at  the  cold  room  temperature  was  kept  in  a  gas  con- 
tainer above  mercury  as  the  stock-supply.  One  could,  in  this  way,  be 
sure  that  the  percentage  of  insecticide  vapor  present,  in  both  tests,  was 
exactly  the  same.  With  this  assurance  that  the  same  percentage  of  the 
insecticide  vapor  could  be  placed  with  the  insects  in  the  two  different 
tests,  it  was  not  necessary  to  use  a  vapor  which  would  permit  of  accurate 
quantitative  estimations  of  the  percentage  present  at  the  beginning  and 
end  of  each  test.  Thus,  different  apparatus  and  a  different  method  might 
be  employed.  The  method  of  measuring  the  total  rapid  decrease  in  vol- 
ume could  be  depended  upon,  it  appeared,  to  show  the  volume  of  insecti- 
cide vapor  absorbed  by  the  insects.  Experience  had  shown  that  most  of 
the  vapor-absorption  would  take  place  in  an  interval  too  short  for 
respiration  to  make  an  appreciable  change  in  volume.  Moreover,  in  the 
short  interval  necessary,  barometer  and  therometer  readings  remained 
practically  the  same.  The  apparatus  used  for  making  the  gas  measure- 
ments was  the  compensation-burette  just  referred  to  (Shown  in  Fig.  4, 
Tech.  Bull.  11,  and  a  gas-container  of  the  type  shown  at  A.,  Fig.  7,  Tech. 
Bull.  11  of  this  station. 

A  certain  measure  of  the  insecticide  vapor  to  be  used  was  transferred 
from  the  stock  supply  into  the  compensation  burette.  The  beetles  were 
floated,  dorsal  side  up,  on  mercury  in  a  gas-container,  and  the  mercury 
was  raised  until  all  air  was  expelled  from  around  them.  The  container 
was  at  once  connected  with  the  compensation  gas-burette,  and  the  ac- 
curately measured  sample  of  insectici^'^  vapor  was  quickly  drawn  over 
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with  the  beetles.  After  10  minutes  the  whole  remaining  volume  was 
returned  to  the  compensation-burette  and  again  accurately  measured. 
The  first  reading  minus  the  second  reading  of  the  compensation  burette 
showed  the  amount  of  vapor  that  had  been  absorbed  by  the  insects.  The 
gas  could  thus  be  transferred  back  and  forth  at  intervals  to  obtain  ab- 
sorption values  at  10,  20  and  30  minute  intervals,  if  desired.  At  the  end 
of  this  test  in  the  cold  room,  the  beetles  were  removed  to  fresh  air;  and 
after  an  hour  or  two  were  brou^t  into  the  warm  room  along  with  the 
apparatus  and  the  stock  supply  of  insecticide  vapor.  After  18  to  41 
hours,  when  the  beetles  had  become  active  and  everything  to  be  used 
had  reached  the  room  temperature,  absorption-tests  were  again  carried 
out  with  the  same  insects — using  a  sample  of  the  same  insecticide  vapor 
under  the  new  conditions.  Now,  gasoline  did  not  produce  a  very  high 
percentage  of  vapor  at  the  cold  room  temperature;  and  a  fluid  which 
would  give  a  higher  percentage  of  vapor  at  the  low  temperature  seemed 
desirable.  On  that  account,  ether  was  selected  for  the  new  trials  instead 
of  gasoline. 

Four  experiments  were  carried  out  in  the  manner  just  outlined,  using 
P.  cornutuSy  and  the  vapor  of  ether  in  air.  The  results  of  all  four  of 
the  experiments  are  given  in  Table  VIII.  In  no  case,  as  may  be  seen, 
were  the  absorptions  less  than  two  times  greater  in  the  warm  room, 
where  the  beetles  were  active,  than  when  the  latter  were  dormant  in  the 
cold  room.  In  experiments  3,  4  and  5,  in  the  cold  room,  the  small  amount 
of  absorbed  ether-vapor  stimulated  the  dormant  insects  until  they 
twitched  the  antennae  and  moved  the  legs.  On  the  other  hand,  in  the 
warm  room  tests  of  Exp.  3,  the  active  beetles  had  become  entirely 
motionless  (anaesthetized)  in  10  minutes;  at  the  end  of  Exp.  4,  only  a 
bare  movement  of  the  antennae  could  be  noticed,  still;  and  in  the  warm 
room  test  of  Exp.  5,  the  active  beetles  were  completely  anaesthetized  by 
the  end  of  20  minutes.  In  the  case  of  Exp.  6,  the  beetles  were  entirely 
stiff  and  helpless  at  minus  2.4°  C,  and  they  remained  so  even  under  the 
influence  of  the  small  amount  of  ether  absorbed.  When  these  insects 
were  removed  from  the  first  test,  they  showed  no  movement  whatever; 
and  they  recovered  from  the  cold,  only  slowly,  after  being  brought  into 
the  warm  room.  They  had  been  kept  in  the  cold  (at  minus  2.4°  C.) 
only  a  few  hours  in  all.  A  different  stock  supply  of  ether-vapor-air  was 
used  in  Exp.  6,  and  the  five  beetles  absorbed  only  1.5  c.  c.  of  the  vapor 
even  in  the  warm  room  in  20  minutes.  This  was  barely  enough  of  the 
ether  to  place  the  insects  in  the  excitement  state — ^they  were  more  active 
at  the  end  than  at  the  beginning  of  the  last  test. 

In  order  to  show  how  nearly  constant  a  certain  volume  of  pure  air 
remained  during  a  period  of  30  minutes  with  five  beetles,  a  single  check 
may  be  related.  The  five  beetles  used  weighed  10  grams.  The  50  c.  c. 
of  pure  air  was  transferred  from  the  compensation  burette  to  the  con- 
tainer with  the  beetles  and  back  again  three  times  during  the  check, 
with  the  following  results : 

50.0  c.  c.  at  the  beginning; 

50.2  c.  c.  at  end  of  10  min.  (after  first  transfer) ; 

50.0  c.  e.  at  end  of  20  min.  (after  second  transfer) ; 

49.9  c.  c.  at  end  of  30  min.  (after  third  transfer). 

The  six  experiments  (Table  VIII)  were  carried  out  with  such  care, 
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and  were  checked  in  such  a  manner,  it  is  believed,  as  to  make  the  appar- 
ent conclusion  seem  undoubted.  In  the  dormant  condition,  the  insects 
absorbed  less  gasoline  vapor  and  less  of  the  vapor  of  ether  than  did 
the  same  insects  when  active.  The  difference  in  solubility  of  the  insecti- 
cide vapors  in  the  dormant  and  in  the  active  insects,  was  so  great  that 
ordinary  charges  of  the  insecticides  used  did  not  bring  the  concentration 
of  the  insecticide,  within  the  body  tissue  of  the  dormant  insects,  to  the 
danger  point.  Thus,  the  lowered  absorption  capacity,  which  accom- 
panied the  dormant  condition,  may  easily  furnish  the  chief  explanation 
of  the  fact  that  insects,  dormant  from  cold,  are  harder  to  kill  by  ordinary 
fumigants  and  by  ordinary  miscible  oil,  contact  sprays. 

Evidence  has  been  given  that  the  tissue  fats  and  lipoids  of  living  in- 
sects should  be  considered  as  the  principal  solvents  of  such  insecticides 
as  gasoline  and  kerosene  vapors,  ether  and  the  like.  The  suggestion  made 
in  connection  with  egg-yolk  absorptions,  therefore,  seems  proper  here. 
Namely,  the  changes,  which  accompanied  respectively  an  active  or  a 
dormant  state,  occasioning  an  increase  or  decrease  in  the  capacity  for 
absorption  of  insecticide  vapors,  was  i)robably  a  change  in  the  condition 
of  the  tissue  fats  and  lipoids — or,  in  their  relation  to  the  other  cell 
constituents.. 


IN  REGARD  TO  THE  MANNER  IN  WHICH  BORAX  AND  SOME  OTHER 
POWDERS    (SOLID  CONTACT  INSECTICIDES)  BECOME 
EFFECTIVE  AGAINST  CERTAIN  INSECTS. 

Mention  has  already  been  made  (Technical  Bulletin  11)  of  certain 
dry  powdered  solids  that  may  be  applied  as  contact  insecticides.   In  the 
case  of  pyrethrum  powder,  attention  was  called  to  the  fact  that,  as  ap- 
plied in  most  cases,  the  ])rincipal  influence  of  this  insecticide  is  due  to 
the  volatile  bodies  held  in  the  powder.    This  is  very  clear  when  the 
insect  is  confined  in  a  warm  air-space  with  some  of  the  powder.  How- 
ever, certain  insects  (for  example  diptera  and  grasshoppers)  may  some- 
times be  overcome — for  a  time,  at  least — by  dusting  their  bodies  with 
the  powder,  even  in  the  open  air.  When  such  insects  are  examined,  one 
may  often  observe  with  a  binocular  microscope  that  some  of  the  powder 
becomes  lodged  in  the  dry  vestibule  of  the  tracheie  within  the  spiracles, 
and  no  doubt  the  volatile  bodies  from  the  powder  charge  the  air  in  the 
tracheal  system.    The  poison  in  such  cases,  therefore,  really  becomes 
absorbed  as  a  gas  or  vapor.    Nevertheless,  it  is  possible  in  the  case  of 
some  insects  for  certain  dry  non-volatile  powders  to  become  effective  as 
contact  insecticides.    White  hellebore  (although  it  contains  a  slightly 
volatile  body)  does  not  kill  insects  confined  in  the  air  with  it  at  ordinary 
temperatures,  provided  they  do  not  come  in  contact  with  the  poison — 
or  do  not  eat  it.  It  is  well  known  that  the  fresh  hellebore  powder  is  a 
stomach  poison  to  insects;  it  may  be  observed  to  be  effective  as  a  con- 
tact insecticide  also,  with  moist  rose  slugs.   I  have  watched  many  young 
rose  slugs  that  did  not"  attempt  to  eat  after  their  bodies  had  been  pow- 
dered with  fresh  hellebore.   If  they  attempted  to  crawl,  the  body  seemed 
to  be  clumsy  as  if  the  hypoderinal  sense  organs  had  been  numbed;  and 
usually,  the  slugs  would  fall  from  the  leaf.   Slugs,  in  this  condition,  were 
kept  for  varying  lengths  of  time  (up  to  nearly  two  days)  until  they  died. 

Digitized  by  Google 


52 


EXPERIMENT  STATION  BULLETIN. 


It  was  clear  that  the  body  secretions  had  dissolved  some  of  the  hellebore, 
and  had  moistened  more  of  it  so  that  it  stuck  as  A  white  crust  on  the 
body.  The  indications  were  that  but  very  little  of  the  hellebore,  dis- 
solved in  the  body  secretions,  had  been  absorbed  through  the  cuticular 
covering — only  enough  to  render  the  outer  surface  of  the  body  numb  and 
clumsy.  In  the  final  stages,  the  insect  seemed  to  be  dying,  more  from 
drying  and  from  starvation  than  anything  else — ^yet  it  was  the  hellebore 
which  first  rendered  the  animal  in  an  unfit  condition  for  normal  life- 
processes. 

Borax  powder  and  finely  powdered  sodium  fluoride  have  been  used  as 
effective  agents  against  cockroaches.  It  was  known  to  be  not  at  all 
necessary  to  place  these  powders  on  a  bait  that  should  be  eaten  by  the 
roaches;  the  dry  powders  became  effective  if  they  were  dusted  in  loca- 
tions where  the  insects  were  sure  to  run.  There  seemed  to  be  nothing 
appetizing  about  the  powders,  in  themselves,  and  it  was  a  question  how 
they  became  effective  against  roaches.  The  large  American  cockroach 
{Periplaneta  Ameridana)  and  the  smaller  croton  bug  were  available  for 
study  in  this  connection. 

In  the  first  tests,  a  little  dry  powder  of  borax,  or  of  sodium  fluoride 
was  sprinkled  on  one-half  the  bottom  of  wide,  flat,  glass-covered  culture 
dishes.  Then  single  roaches  were  introduced  and  watched.  It  was  soon 
noticed  that  when  a  roach  ran  through  either  the  borax  or  the  sodium 
fluoride,  a  little  of  the  dry  powder  stuck  to  the  lower  part  of  the  body 
and  to  the  legs — especially  at  the  bases  of  the  legs,  and  between  the 
sternal  plates.  Also,  the  insect  was  almost  sure  to  get  its  antennae 
dusted  with  the  powder  as  it  waved  them  about.  If  left  to  itself,  a 
roach  that  had  become  powdered  in  the  manner  just  described  would 
soon  settle  down  and  begin  "cleaning  up."  In  this  latter  process,  the 
long  antennae  were  drawn  across  the  mouth  and  licked  clean — the  feet 
and  legs  and  body  were  licked.  After  a  time,  a  roach  that  had  been 
cleaning  itself  of  either  of  the  powders  named  would  begin  to  show  un- 
easiness and  irritability.  It  was  apt  to  become  sick,  after  a  time,  and 
exude  a  drop  of  saliva  from  the  mouth.  Finally,  the  insect  would  be- 
come dumpy,  often  remaining  quiet  for  long  intervals,  only  to  start 
up  suddenly  and  nervously,  and  then  lapse  again.  Such  actions  were 
usually  followed  by  partial  paralysis  of  the  hind  and  middle  legs.  The 
wings  and  feet  twitched  at  intervals,  and  gradually  the  body  became 
more  helpless  until  death  resulted.  This  might  all  take  place  in  any- 
where from  four  to  forty-eight  hours;  and  the  length  of  time  before 
death  would  result  seemed  to  depend  in  great  part  upon  the  amount  of 
powder  the  roach  had  cleaned  from  his  body.  As  a  rule,  the  sodium 
fluoride  acted  very  much  more  rapidly  than  the  borax — requiring  only 
four  to  twelve  hours.  Sometimes  a  roach  that  had  taken  only  a  littfe 
borax,  in  cleaning  the  powder  from  its  body,  would  pass  through  the 
first  stages  of  uneasiness  (and  apparent  stomach-sickness)  and  then  re- 
cover so  far  as  to  eat,  and  act  normal  for  four  or  five  days,  perhaps — 
after  which  it  would  become  dumpy.  It  would  tlien  eat  no  more.  The 
wings  would  quiver  when  the  insect  was  disturbed;  paralysis  of  the  legs 
would  finally  set  in,  and  gradually  the  body  would  become  more  helpless 
in  every  case  until  death  resulted. 

Observations  were  made,  and  record  was  kept  (from  treatment  to 
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death)  of  the  actions  of  45  of  the  insects  treated  with  borax,  sodium 
fluoride,  or  borax  and  pjrethrum  mixed.  A  few  tests  were  made  by 
compulsoi'y  feeding  of  the  roaches  with  a  very  little  borax  or  sodium 
fluoride  from  the  point  of  a  small  knife-blade.  In  every  case  the  symp- 
toms were  much  like  those  described  above  and  the  insects  finally  died. 
These  last  tests  made  it  clear,  therefore,  that  both  borax  and  sodium 
fluoride  could  act  as  stomach  poisons  in  the  case  of  the  cockroach. 
Moreover,  it  seemed  very  likely  that  in  cleaning  either  of  the  powdered 
poisons  from  antennae,  feet  and  body,  the  insect  w^ould  eat  enough  of 
the  poison  to  kill.  Finally,  visible  proof  was  obtained  that  powder, 
licked  from  various  parts  of  the  body,  was  swallowed.  Sodium  carmine 
was  very  thoroughly  dried  and  pulverized  with  borax,  and  with  sodium 
fluoride.  Insects  were  placed  with  this  stained  powder,  and  several 
hours  after  they  had  cleaned  it  from  their  bodies,  dissections  were  made; 
the  red  stain  was  found  in  the  contents  of  the  crop. 

The  question  still  remained,  however,  as  to  whether  a  little  of  the 
powdered  insecticides  might  not  be  dissolved  in  the  moist  exudations  at 
the  bases  of  the  legs  and  between  the  sternal  plates,  and  then  absorbed 
through  the  thinner  body  integument  in  the  locations  named.  It  seemed 
possible  also  that  the  very  fine  powder  might  enter  the  spiracles.  That 
is,  it  was  still  a  question  as  to  whether  the  powders  under  consideration 
might  not  be  contact  insecticides  as  well  as  stomach  poisons  when  used 
against  roaches.  In  order  to  get  at  the  solution  of  this  question,  it  was 
found  to  be  absolutely  necessary  to  devise  some  way  of  preventing  the 
insects  from  licking  their  bodies  after  they  had  become  dusted  with  the 
powder — without,  at  the  same  time,  inflicting  any  serious  mechanical 
injury  in  the  use  of  the  preventative  device.  The  desired  result  was 
accomplished  by  means  of  card  board  collars,"  which  were  prepared  and 
used  in  the  following  manner : 

The  collars  were  made  from  single  pieces  of  flat  bristle  board  of  about 
the  weight  of  ordinary  medium  index  cards.  Each  collar  was  four  to 
four  and  one-half  inches  in  diameter — i.  e.  large  enough  to  form  a 
cover  over  a  shallow  glass  stender  dish.  A  slit  was  cut  in  the  circular 
card  from  the  circumference  to  the  center,  where  a  small  smooth  hole 
was  punched.  This  central  opening  was  large  enough  to  turn  freely  on 
the  neck  of  a  cockroach,  but  it  was  very  much  smaller  than  the  animal's 
head.  After  the  collar  had  been  very  carefully  placed  around  the  neck 
of  a  roach,  a  thin  strip  of  paper  was  afterward  pasted  over  the  slit. 
The  flat  collar  could  then  be  placed  over  the  stender  dish,  containing  a 
little  powder  to  be  tested,  so  that  the  insect's  body  rested  upon  the  bot- 
tom of  the  dish,  and  the  head  stuck  up  above  the  collar  outside  the  dish. 
The  fluttering  wings  and  scrambling  legs  would  thoroughly  dust  the 
animal's  body  without  any  of  the  powder's  reaching  the  head  or  mouth. 
Fig.  No.  4  of  Plate  I  shows  the  position  of  the  head  of  a  cockroach  wear- 
ing such  a  collar.  In  check  tests,  untreated  roaches  were  made  to  wear 
collars  for  eight,  eighteen,  and  even  ninety-eight  hours  without  any 
serious  injury.  After  these  specimens  were  released,  they  were  kept 
under  observation  for  ten  to  nineteen  days,  and  during  that  time  fed  and 
behaved  normally.  In  all  these  experiments  the  roaches  were  permitted 
to  have  moist  food  when  no  insecticide  powder  was  present  and  they 
were  not  wearing  a  collar. 
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In  order  to  be  able  to  see  just  where  the  powder  went,  when  it  came 
in  contact  with  the  body  of  an  insect  wearing  a  collar,  both  borax  and 
sodium  fluoride  were  stained  with  either  sodium  carmine,  or  indigo 
carmine,  after  which  they  were  thoroughly  dried  and  pulverized  to  a 
powder.  In  a  few  cases,  where  dissections  were  to  be  made  under  water, 
Sudan  III  was  used  as  the  stain  for  the  insecticide  powder.  Individual 
experiments  were  carried  out  with  more  than  forty  insects  according 
to  the  outline  just  given,  and  all  these  were  in  agreement  as  to  the  ques- 
tion considered.  It  was  found  that  powdered  borax  and  powdered  sodium 
fluoride  could  bring  about  the  death  of  roaches  through  being  dusted 
thoroughly  on  their  bodies,  without  ever  having  come  in  contact  with 
the  mouth.  The  dusting  of  the  body  was  done  through  the  efforts  of 
the  insect  itself,  in  scrambling  and  fluttering  with  the  legs  and  wings 
in  the  manner  already  explained.  Borax  required  two  to  ten  days  to 
cause  death  through  contact  of  the  powder  alone.  Sodium  fluoride  re- 
quired from  five  to  twenty-two  hours.  In  each  case  the  average  time 
was  much  longer  than  was  required  to  bring  about  death  when  the  insect 
had  eaten  some  of  the  powder  in  cleaning  the  same  from  its  body.  The 
symptoms  following  contact  alone  were  usually  very  similar  to  those 
which,  followed  when  the  poison  had  been  eaten.  As  a  rule,  the  period 
of  partial  paralysis  and  helplessness  was  much  more  prolonged  when 
the  powder  had  been  used  only  as  a  contact  insecticide.  The  exudation 
which  caused  the  powder  to  stick  to  the  roach's  body  was  nearly  always 
sufficient  to  dissolve  enough  of  the  borax  or  sodium  fluoride  to  cause 
incrustation  at  the  bases  of  the  legs,  between  the  sternal  plates,  etc. 

In  seventeen  of  the  experiments  in  which  the  stained  insecticide  powder 
(sodium  carmine  was  the  stain  mostly  used)  had  been  employed,  the 
insects  were  dropped  into  a  hot  alcoholic  fixing  fluid  at  about  the  time 
of  death.  Afterward,  parts  of  the  bodies  of  these  insects  were  embedded, 
and  sectioned.  A  study  was  made  of  the  miscroscopic  sections  prepared 
in  this  way,  in  order  to  learn  by  means  of  the  stain  if  possible,  whether 
the  powder  had  entered  the  spiracles — or  had  passed,  after  solution, 
into  the  insect's  body  through  the  thinner  portions  of  the  body  wall. 
The  sections  showed  the  incrustations  of  the  stain  at  the  bases  of  the 
legs,  between  the  sternal  plates,  and  (sometimes)  just  within  the  spir- 
acles in  the  vestibule  from  which  the  tracheae  arise;  but  no  stain  was 
found  further  within  the  trachea*,  and  no  sections  were  found  which 
showed  undoubted  evidence  that  the  stain  had  penetrated  the  integument 
to  stain  the  hypodermal  cells.  If  the  cuticula  was  permeable  to  the 
stain  and  to  the  borax  or  sodium  fluoride  solutions  in  the  same  degree, 
then  it  is  certain  that  only  a  very  limited  amount  of  the  insecticide 
passed  into  the  animal's  body  through  the  thinner  portions  of  the  body 
integument.  The  latter,  however,  seems  to  have  been  the  possible  and 
probable  path.  No  indication  was  found  that  the  stained  insecticide 
powder  had  entered  the  bodies  of  cockroaches  wearing  the  collars,  in 
any  other  way.  It  must  be  remembered  that  the  sodium  fluoride  rendered 
roaches  helpless  and  practically  dead  in  some  cases  within  five  hours — 
i.  e.,  during  the  time  the  insects  were  wearing  the  collars,  and  sections 
showed  no  trace  of  stain  in  the  crops  of  these  insects.  It  took  the  borax 
so  long  to  kill  by  contact  that  in  the  first  tests,  the  roaches  were  brushed 
as  clean  as  possible  after  six  to  eight  hours  treatment,  and  were  then  re- 
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leased  from  the  collars.  Proof  was  soon  obtained  that  this  would  not 
do;  the  insects  licked  the  joints  of  their  legs  and  other  rough  parts  of 
the  body  so  thoroughly  that  the  contents  of  the  crop  became  decidedly 
stained.  In  other  words,  the  insects  did  their  cleaning  so  carefully  that 
they  might  be  eating  enough  of  the  borax  powder  to  kill.  The  only  safe 
method,  therefore,  was  to  leave  the  collars  on  the  animals  until  they 
were  no  longer  able  to  lick  various  parts  of  the  body.  That  the  death 
of  an  insect  so  treated  was  due  primarily  to  the  influence  of  borax 
powder  brought  in  contact  with  the  body,  and  not  to  injury  from  the 
collar  (or  otherwise)  was  shown  by  the  checks  carried  out  with  un- 
treated insects  in  collars,  and  by  the  absence  of  any  stain  in  the  digestive 
tract. 

The  evidence  gained  from  the  experiments  carried  out  in  this  connec- 
tion, therefore,  may  be  summed  up  in  the  following  statements : 

When  cockroaches  run  through  powdered  borax,  sodium  fluoride,  or 
borax  and  pyrethrum  mixed,  the  dry  powder  sticks  to  the  legs,  body, 
and  often  to  the  antennae.  Some  of  the  powder  is  moistened  or  dis- 
solved ih  the  exudation  about  the  bases  of  the  legs  and  on  the  thinner 
portions  of  the  outer  integument.  This  seems  to  cause  some  irritation 
and  uneasiness;  the  insect  soon  begins  to  clean  the  moistened  powder 
from  the  body  by  licking  it:  In  doing  this,  enough  of  the  poison  may  be 
brought  into  the  mouth,  and  swallowed,  to  kill  after  a  period  varying 
from  five  hours  to  ten  days.  Borax  acts  much  more  slowly  but  kills 
with  no  less  certainty  than  sodium  fluoride.  It  is  possible  for  both 
powdered  borax  and  sodium  fluoride  to  kill  roaches  by  contact  (without 
any  of  the  poison's  having  been  swallowed),  but  in  actual  practice  it  is 
hardly  possible  that  any  roach  ever  gets  its  body  dusted  with  one  of 
these  powders  without  also  licking  and  swallowing  some  of  the  powdered 
poison.  Both  powders  are  more  rapid  in  their  action  as  stomach  poisons 
than  they  are  as  contact  insecticides. 

Tables  IV  and  V  contain  representative  results  illustrating  the  in- 
fluence of  borax,  sodium  fluoride,  pyrethrum  and  white  hellebore  on  the 
reductases  and  catalases,  respectively,  of  insect  extract.  Borax  acted 
([uite  injuriously  on  the  activity  of  the  reductase,  and  very  little  on  that 
of  the  catalase.  The  same  was  true  of  the  hellebore  and  pyrethrum, 
except  that  the  pyrethrum  seemed  to  interfere  a  little  more  with  the 
activity  of  the  catalase  than  did  either  the  borax  or  the  hellebore. 
Sodium  fluoride  was  most  detrimental  to  the  catalase.  When  added 
to  perfectly  fresh  extract,  the  sodium  fluoride  caused  a  slight  drop  in 
reductase  activity;  after  that  however,  such  a  treated  extract  retained 
its  reductase  activity  very  much  better  than  did  untreated  extract. 
Both  sodium  fluoride  and  borax  interfered  with  the  oxidase  activity 
slightly,  if  one  may  regard  the  alcoholic  guaiac  test  as  an  indicator  in 
this  case. 

An  attempt  was  made  to  determine  the  influence  of  borax  and  sodium 
fluoride  upon  the  respiratory  ratio  of  cockroaches  dying  under  the  in- 
fluence of  these  poisons,  but  the  normal  respiratory  ratio,  itself,  varied 
so  much  for  the  roaches  that  no  decided  information  could  be  gained. 
The  intestinal  tracts  of  the  specimens  used  were  apt  to  be  gaseous,  and 
the  contents  of  the  intestines  were  usually  found  to  be  well  infested 
with  infusoria,  etc.  This,  it  was  believed,  might  account  for  the  normally 
irregular  respiratory  ratio.  ^.^^^^^^^  GoOgk 
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SUGGESTIONS  FOR  POSSIBLE  PRACTICE. 


(a)      SOLID  AND  LIQUID  APPLICATIONS. 


It  will  be  observed  that  when  the  insecticides  gained  entrance  into 
the  insect  tissues  as  purely  contact  agents,  they  did  so,  ultimately,  in 
the  fluid  condition.  Powdered  solid  contact  insecticides  gave  off  volatile 
bodies  to  be  absorbed  by  the  insect,  or  else  the  powdered  agent  became 
moistened  and  partly  dissolved  in  exudations  on  the  insect  integument. 
Experiments  showed  that  gases  or  volatile  insecticides  gained  entrance 
to  the  insect  tissues  most  rapidly.  The  **miscible  oils"  usually  combined 
volatile  and  purely  liquid  agents.  The  liquid  or  the  finely  powdered 
solid  often  gained  entrance  through  the  spiracles  to  the  larger  tracheae 
where  any  volatile  bodies  that  might  be  carried  by  the  insecticides  could 
then  charge  the  air  of  the  tracheal  system.  In  the  case  of  the  powdered 
solid  contact  insecticide,  the  advantage  evidentally  lay  in  having  the 
powder  so  fine  and  dry  that  it  would  adhere  well  and  could  sift  readily 
into  all  crevices — even  into  the  stigmata  of  the  insect.  Similarly,  a  weak 
surface  tension  for  a  liquid  insecticide  enabled  it  to  flow  into  all  ir- 
regularities of  the  area  treated,  and  to  penetrate  often  into  the  larger 
tracheae  of  the  insect.  Even  in  the  case  of  lime-sulphur  wash — which 
kills  scales,  perhaps  in  most  cases,  without  ever  having  actually  come 
in  contact  with  the  body  of  the  insect  itself — ^it  would  seem"  to  be 
advantageous  if  the  wash  could  be  given  a  lower  surface  tension.  The 
solution  could  then  flow  into  crevices  of  the  bark  and  thoroughly  wet 
the  scale-covering  of  insects  that  miglit  otherwise  escape.  As  is  well 
known,  soap  cannot  be  used  for  the  purpose,  since  it  causes  in  the  lime- 
sulphur  solution  a  greasy  lime-soap  precipitate.  A  number  of  tests 
were  carried  out  with  the  idea  of  finding  agents  which  might  be  added 
to  lime-sulphur,  without  injury,  to  lower  the  surface  tension  and  cause 
it  to  spread  on  the  bark  of  plants  more  readily.  In  order  to  be  able  to 
compare  the  **spread"  of  different  samples  of  lime-sulphur  dilutions 
readily  in  the  laboratory,  resort  was  had  to  what  may  be  termed  the 
*ulrop  met  hod.''  For  exanij)le,  the  number  of  drops  in  5  c.  c.  of  water 
were  counted  as  they  came  from  a  pipette.  The  same  pipette  was  then 
washed  out  with  lime-sulphur  prepared  by  diluting  a  concentrate  with 
a  water  solution  of  the  agent  to  be  tested.  The  number  of  drops  in  5  c. 
c.  of  the  latter  lime-sulphur  dilution  were  then  counted  from  the  pipette, 
and  the  ratio  of  the  number  of  drops  of  water  to  the  number  of  drops  of 
lime-sulphur  dilution  was  obtained.  As  long  as  the  temperature  of  the 
liquids  was  practically  the  same  and  the  drops  were  counted  from  the  same 
cleaned  pipette,  the  ratio  between  the  number  of  di*ops  in  equal  vol- 
umes of  water  and  any  lime-sulphur  dilutions  of  approximately  equal  den- 
sit  ies  afforded  a  direct  means  for  comparison  of  spread  in  the  various  dilu- 
tions. Actual  trial  on  a  tree  covered  with  scale  insects,  showed  that 
when  this  ratio  equalled  about  0.85*,  the  ^'Agent  plus  L.  S.  solution"  had 
sufficient  spread;  that  is,  the  spray  readily  flowed  into  crevices  of  the 
bark  and  wet  the  waxen  scale  coverings.   The  method  was  adapted  from 
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Mansiert  who  first  suggested  counting  the  drops  in  equal  volumes  of 
liquids  under  proper  conditions  of  temperature,  etc.,  for  making  a  study 
of  their  surface  tension  in  connection  with  insecticides.  It  was  found 
that  gelatine,  glue,  soluble  albumen,  and  saponin  could  all  be  used  in 
lime-surphur  to  increase  the  "spread"  on  the  bark  of  a  tree.  The  vari- 
ous agents  were  dissolved  in  the  proper  amount  of  warm  water,  after 
which  the  solution  was  added  to  concentrated  lime-sulphur  in  making  up 
the  proper  dilution.  Glue  and  gelatine  had  to  be  used  at  the  rate  of 
about  one  pound  to  eleven  gallons  of  lime-sulphur  wash  as  diluted  ready 
for  use.  The  expense,  therefore,  would  be  too  great  to  make  their  em- 
ployment practical.  This  was  true  also  in  the  case  of  albumen  and 
saponin.  Except  for  its  expense,  however,  saponin  seemed  to  be  best  of 
all  the  agents  tried  for  the  purpose.  It  dissolved  readily,  and  a  com- 
paratively small  amount  added  to  the  lime-sulphur  increased  the 
"spread"  to  the  desired  point  without  any  apparent  injury  to  the  oxygen- 
absorbing  power  of  the  wash.  Tests  were  made  of  this  last  point  in  the 
following  manner: 

A  measured  amount  of  the  solution  of  saponin  in  water  was  added  to 
a  measured  amount  of  concentrated  lime-sulphur  in  a  stender  dish  of 
standard  volume  and  diameter;  then,  an  equal  sample  of  the  same  con- 
centrated lime-sulphur,  in  a  dish  of  the  same  diameter,  was  diluted  with 
a  volume  of  distilled  water  equal  to  the  saponin  solution  used.  The  two 
dishes  were  introduced  into  exactly  similar  containers  with  equal  vol- 
umes of  air  having  the  same  known  percentage  of  oxygen.  At  the  end  of 
a  certain  period  of  time  (6  houi*s,  for  example)  the  oxygen  percentage 
in  each  air-chamber  was  again  determined,  and  from  that,  the  volume 
of  oxygen  that  had  been  absorbed.  The  volumes  of  oxygen  absorbed  in 
the  saponin-lime-sulphur  and  in  the  check  were  practically  the  same — 
the  greatest  difference  in  three  successive  tests  being  no  greater  than 
the  possible  experimental  error  of  the  apparatus.  When  the  dry  pow- 
der was  stirred  directly  into  the  lime-sulphur,  however,  the  oxygen-ab- 
sorbing ability  of  the  solution  was  quite  appreciably  weakened.  This 
was  due  no  doubt  to  oxidation  of  the  sulphides  by  air  carried  in  with  the 
dry  powder.  W  was  best,  therefore,  to  dissolve  the  saponin  in  water, 
and  then  add  that  solution  to  the  concentrated  lime-sulphur. 

Four  tests  were  carried  out  to  determine  the  influence  of  adding  sapon- 
in, upon  the  rate  at  which  water  would  evaporate  from  lime-sulphur  (i. 
e.  influence  upon  rate  of  drying).  In  every  case,  the  evaporation  was 
found  to  be  a  little  more  rapid  from  the  lime-sulphur  to  which  saponin 
had  been  added — as  might  be  expected  from  the  weakened  surface  ten- 
sion. The  difference,  however,  was  not  great — amounting  to  only  0.1 
grm.  of  water  from  an  area  of  10.17  cm.  in  seven  hours,  on  the  average. 
This  difference  could  be  largely  eliminated  by  adding  salt  (Na  CI)  to 
the  saponin-lime-sulphur  solution.  That  is,  salt  had  the  effect  of  retard- 
ing the  evaporation  of  water.  It  was  used  at  about  the  rate  first  recom- 
mended in  the  original  lime-sulphur  salt-wash  (i.  e.  about  18  lbs.  to 
100  gallons).  Except  in  extremely  dry  weather  or  in  a  normally  dry 
climate  the  salt  would  not  serve  a  useful  purpose. 

Finally,  all  the  tests  tried  seemed  to  confirm  the  first  impression  that 
saponin  would  be  the  ideal  agent  for  lowering  the  surface  tension  of 
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lime-sulphur  to  obtain  "spread,"  if  only  it  were  not  so  expensive.  At  the 
price  of  crude  saponin,  when  these  tests  were  carried  out,  it  would  add 
about  f  1.50  to  the  expense  of  each  fifty-five  gallons  of  lime-sulphur  wash 
diluted  ready  for  use  against  San  Jose  scale.  The  crude  saponin,  how- 
ever, was  just  as  good  for  the  purpose  as  the  pure  obtained  from  Merck 
at  a  cost  of  more  than  five  times  the  price  of  the  crude  product.  Now 
the  dry  plant,  Saponaria  officinalis  or  ^'houncing  heV'  was  known  to  con- 
tain from  thirty  to  forty  per  cent  of  extractives  and  it  occurred  to  the 
author  that  perhaps  the  plant,  itself,  could  be  used  in  this  connection. 
Bouncing  het  grows  about  many  farm  yards,  orchards,  or  gardens,  com- 
ing up  year  after  year  from  underground  stolons.  It  is  quite  hardy,  es- 
caping cultivation  and  growing  by  roadsides,  often,  quite  thickly.  If  the 
plant  could  be  used,  therefore,  the  orchardist  might  have  a  plot  planted 
to  bouncing  het^  and  prepare  his  lime-sulphur-saponin  wash  with  only 
the  extra  expense  of  cutting,  storing  and  extracting — ^which  need  not  be 
great,  it  was  thought.  Accordingly,  some  plants  were  cut  and  dried 
in  the  early  fall  and  laboratory  experiments  were  carried  out  to  deter- 
mine whether  "bouncing  bet  hay"  could  be  used  to  satisfactorily  in- 
crease the  spread  of  lime-sulphur  wash.  Stated  briefly,  results  proved 
that  an  excellent  lime-sulphur  spray  mixture,  as  regards  spread,  etc., 
could  be  obtained  by  the  use  of  an  extract  of  either  the  green  or  the  (try 
stems  and  leaves  of  houftcing  het,  A  good  method  of  extraction  was  as 
follows: — the  plant  material  was  soaked  in  lime-water  over  night  (12  to 
18  hours,  say)  after  which  it  was  boiled  about  30  minutes  and  then 
pressed  out  and  strained.  Thus  an  extract  was  prepared  by  using  the 
dry  stems  and  leaves  of  bouncing  bet  at  the  rate  of  221t)s.  of  the  plant 
material  and  151t>s.*  of  freshly  slacked  lime  to  50  gallons  of  water.  This 
extract  could  be  used  to  dilute  concentrated  lime-sulphur  (of  26°  Baume' 
and  up)  the  required  amount  for  use  against  San  Jose  scale;  giving  the 
spray  mixture  a  very  satisfactory  spread.  The  added  lime  in  the  extract 
should  prove  useful,  also,  in  assisting  the  lime-sulphur  to  soften  the  wax 
about  the  margins  of  the  scale-coverings — in  addition  to  the  fact  that 
it  serves  as  a  first  class  marker  to  show  whether  all  parts  of  a  tree  have 
been  covered. 

When  extract  water  from  bouncing  bet,  prepared  as  explained  above, 
was  used  in  the  place  of  ordinary  water  in  the  old  formula  (lump  lime 
20  lbs.,  sulphur  flour  15  lbs.,  water  50  gallons)  a  homemade  wash  hav- 
ing a  very  high  degree  of  spread  resulted.  A  little  of  such  a  homemade 
wash  was  filtered,  and  the  number  of  drops  in  5  c.  c.  of  water  divided 
by  the  number  of  drops  in  5  c.  c.  of  the  filtrate  equalled  0.72.  One  home- 
made lot  of  lime-sulphur  was  prepared  (in  a  smaller  amount  than  is 
called  for  by  the  formula)  while  the  plant  material  was  still  in  the 
water.  The  formula  follows:  lime  20  lbs.,  sulphur  15  lbs.,  water  50  gal- 
lons, and  22  lbs.  of  the  dry  leaves  and  stems  of  bouncing  bet  to  which 
enough  water  to  wet  them  thoroughly  had  first  been  added.  The  mix- 
ture was  kept  boiling  for  forty-five  minutes,  after  which  the  liquid  was 
pressed  out,  and  strained  through  coarse  cheese  cloth.  The  lime-sulphur 
appeared  to  have  cooked  up  in  good  shape  and  the  "drop  ratio"  for  the 
spray  solution  was  0.73. 
Whether  these  suggestions  would  actually  prove  profitable  in  orchard 

•Less  lime  may  be  used.  It  Is  not  absolutely  necessary  but  It  assists  In  softening  and 
dlgestinff  the  plant  and  in  other  ways. 
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practice  may  be  learned  only  by  experience.  If  they  should  prove  to  be 
so,  it  is  likely  that  commercial  companies  might  produce  a  crude  extract 
of  bouncing  het — ^incorporating  it  in  lime-sulphur  concentrate,  cheaply. 
A  single  test  extending  over  several  months  indicated  that  saponin,  in 
itself,  did  not  cause  lime-sulphur  to  deteriorate. 

b.  FUMIGANTS. 

The  advantage  of  the  fumigant — i.  e.  vapor  or  gaseous — contact 
insecticides  are  generally  recognized.  Likewise,  disadvantages  are 
equally  well  known.  Generally  speaking,  gases  diffuse  rapidly  and 
often  penetrate  where  non-volatile  liquids  could  never  penetrate  with- 
out damage — as  in  stored  grain,  clothing,  etc.  Also  many  gases  or 
vapors  are  more  rapidly  absorbed  by  active  insects  than  are  any  non- 
volatile liquid  insecticides.  A  disadvantage,  such  as  difficulty  of  con- 
fining a  gas  for  the  necessary  period  of  time,  may  be  overcome;  but 
danger  from  fire  and  explosion  in  the  case  of  carbon  disulphide,  and  diffi- 
culty of  application  because  of  its  danger  to  the  operator  in  the  case  of 
hydrocyanic  acid  gas  are  disadvantages  never  entirely  eliminated.  It 
was  in  the  hope  of  finding  fumigants  which  might  be  safely  substituted, 
in  some  cases,  for  the  two  fumigant  insecticides  just  named  that  test 
work  was  carried  on  with  ammonia  and  carbon  tetra-chloride. 

Ammonia.  Experience  gained  with  ammonia  as  an  insecticide,  dur- 
ing the  time  its  influence  upon  the  respiration  of  insects  was  being 
studied,  led  to  the  belief  that  perhaps  ammonia  gas  from  compressed  or 
liquified  ammonia  might  be  applied  as  an  insect  fumigant  with  greater 
ease  and  with  less  danger  than  hydrocyanic  acid  gas.  Experiments  car- 
ried out  with  Calcmdra  granaria,  Silvanus  surinmnen^is,  and  larvae  of 
Tenehroides  m^uritanicus  enclosed  with  a  little  dry  wheat  in  tight 
glass  receptacles  showed  that  the  insects  could  all  be  killed  with  three 
to  four  per  cent  ammonia  in  twenty  to  twenty-two  hours,  and  with  nine 
to  ten  per  cent  in  six  to  seven  hours.  In  fact,  it  was  possible  to  kill  in 
most  cases  at  lower  percentages,  and  in  shorter  periods  when  using  the 
higher  percentages  of  ammonia — but  death  was  always  certain  when 
the  gas  was  used  at  the  rates  given. 

A  few  germination  tests  were  made  with  dry  wheat  treated  with  dif- 
ferent percentages  of  ammonia,  100  grains  being  used  in  each  check  and 
in  each  treated  sample.  It  was  found  that  where  the  percentage  of  am- 
monia wa^  kept  up  to  about  3.2  for  22  hours  the  germination  was  ruined. 
At  10  to  13.5  per  cent  for  an  interval  of  eight  hours,  however,  tlie  per 
cent  of  injury  from  ammonia  to  germination  was  less  than  one;  for  ten 
hours  at  11.9  per  cent  the  injury  was  over  fifty  per  cent. 

Following  the  various  laboratory  tests,  two  fumigations  of  the  college 
mill-room  were  carried  out  with  ammonia  gas  derived  from  cylinders  of 
compressed  and  partly  liquefied  ammonia.  The  room  was  closed  as 
tightly  as  any  plastered  room  with  closely  fitting  windows  may  be  clos- 
ed. The  iron  tube  of  ammonia  was  placed  on  a  platform  balance  out- 
side, and  the  ammonia  gas  was  conducted  through  a  tube  (properly  fit- 
ted under  the  door)  almost  to  the  center  of  the  room.  Two  wire  cages 
of  insects  were  left  in  the  open  where  they  could  be  seen  from  the  out- 
side through  the  glass  of  the  mill-room  door.  Two  other  cages  were 
buried  three  and  six  inches,  respectively,  in  dry  wheat.     There  were 
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about  fifteen  bushels  of  sacked  wheat,  and  a  little  corn  in  the  ear,  stored 
in  the  room.  In  the  first  test  (Oct.  7, 1911)  ten  pounds  of  ammonia  were 
passed  through  the  tube.  Since  the  air-space  where  the  gas  expandled 
was  7166  cubic  feet,  the  percentage  of  ammonia  was  about  3.1  in  the 
early  part  of  the  test.  The  experiment  ran  between  nineteen  and  twenty 
hours.  A  caged  specimen  of  the  large  American  cockroach  was  still 
alive  at  the  end  of  the  test,  but  he  was  so  under  the  influence  of  ammonia 
that  he  died  from  the  effects  later.  8,  surinamensis  and  C.  granaria  in 
one  of  the  exposed  cages  were  motionless.  Some  of  the  Calandra  recov- 
ered in  fresh  air  enough  to  move  their  legs,  but  none  ever  recovered  en- 
tirely. All  the  beetles  in  the  two  cages  buried  in  the  wheat  were  active 
at  the  end  of  the  test  and  were  still  alive  and  normal  three  days  later. 
The  next  day  living  specimens  of  the  saw-tooth  grain  beetle  were  found 
between  the  grains  of  the  com  in  the  ear. 

On  November  21,  1911,  the  mill  was  again  fumigated  with  ammonia  in 
the  same  manner  as  in  the  first  test;  but  this  time  32.5  lbs.  of  the  com- 
pressed ammonia  were  used — i.  e.,  one  pound  of  ammonia  gas  to  223.9 
cubic  feet  of  air  space.  This  gave  about  ten  per  cent  of  ammonia  in  the 
room.  One  hour  and  fifteen  minutes  were  used  in  introducing  the 
charge,  and  the  room  was  kept  closed  (over  night)  for  seventeen  hours. 
Wire-caged  insects  had  been  introduced  again,  as  well  as  several  large 
sacks  of  infested  wheat.  About  twenty  bushels  of  new  corn  that  was  not 
very  dry  was  present  also.  The  latter  became  very  decidedly  darkened 
during  the  test.  Wheat  was  always  more  or  less  darkened  by  ammonia 
fumigation  in  the  laboratory  tests — as  well  as  in  the  mill  test — ^but  the 
dryer  the  grain,  the  less  noticeable  was  the  darkening  in  every  case.  In 
this  test,  a  caged  cockroach  (F.  amerioam)  became  quiet  by  the  time 
the  charge  had  been  two-thirds  introduced.  The  roach  was  dead  at  the 
end  of  the  test,  as  were  also  the  caged  beetles  left  in  the  open.  Mice  were 
killed.  One  mouse  was  seen  to  come  out  on  the  floor  and  die  when  fumi- 
gation had  been  going  for  forty-five  minutes.  Insects  about  one  inch 
deep  in  the  wheat  were  killed,  but  caged  beetles  (saw-tooth  grain  beetle 
and  grain  weevil)  buried  in  the  center  of  a  sack  of  wheat  were  active 
at  the  end  of  the  test.  In  both  the  mill  tests  brass  and  copper  parts  of 
the  mill  machinery  were  covered  with  vaseline,  which  protected  them 
perfectly  from  action  by  the  ammonia.  The  compressed  ammonia  was 
certainly  convenient  to  apply;  and  at  three  to  four  per  cent,  fumigation 
could  be  carried  on  with  the  gas  at  a  reasonable  cost,  since  iron  cylind- 
ers of  liquefied  ammonia  could  be  obtained  at  that  time  for  twenty-nine 
cents  per  pound.  Considerable  of  the  ammonia  was  absorbed  by  the 
grain;  but  after  a  few  hours  airing,  the  odor  disappeared.  The  dark- 
ening of  the  gi*ain  seemed  to  be  an  undesirable  feature,  however.  Mr. 
S})raj»g  of  the  Farm  Crops  Department  prepared  flour  from  three  kinds 
of  wheat  treated  in  the  first  mill  experiment — and  also,  from  the  three 
corresponding  check  samples  of  wheat.  There  was  no  taste  of  ammonia 
on  any  of  the  tlour,  but  that  from  two  of  the  treated  samples  of  wheat 
was  quite  noticeably  darker  than  the  corresponding  checks.  A  Lansing 
miller,  who  was  kind  enough  to  slick  the  samples  of  flour  and  judge 
them,  decided  that  the  action  of  the  ammonia  on  the  wheat  had  undoubt- 
edly injured  its  milling  qualities  commercially.  To  be  sure,  the  grain 
was  really  darkened,  noticeably,  to  a  depth  of  only  two  or  three  inches 
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in  a  large  container;  but  at  that  depth,  the  insects  were  not  killed.  For 
the  reason  just  stated  the  mill  experiments  with  ammonia  were  dis- 
couraging— although  it  appeared  that  the  gas,  in  some  instances,  might 
prove  to  be  a  desirable  fumigant  for  insects. 

Carbon  Tetrachloride,  Early  in  the  year  1910,  Professor  Petti t  was 
urged  in  behalf  of  the  Michigan  Millers  to  find,  if  possible,  some  volatile 
non-inflamable  liquid  which  might  take  the  place  of  carbon  disulphide  as 
a  fumigant  for  grain  in  bins.  It  was  suggested  to  him  by  Professor 
Kedzie  of  the  chemistry  department  that  perhaps  carbon  tetrachloride 
might  have  the  qualities  desired.  Following  this  suggestion,  a  series  of 
comparative  tests  with  carbon  disulphide  and  carbon  tetrachloride  were 
carried  out  by  Professor  Pettit,  Mr.  M.  A.  Yothers  (who  was  connected 
with  the  department  at  that  time),  and  the  writer,  working  together. 
The  tests  were  made  in  large  glass  flasks  with  rubber  stoppers.  Among 
the  insects  in  the  infested  grain  used  in  these  tests  were  the  following 
beetles  determined  by  Prof.  F.  H.  Chittenden  of  the  U.  S.  Bureau  of 
Entomology : 

RhizopertJui  dotninica, 
Lafheticus  oryzw. 
lAiewophlaeus  'fnimllnSj 
Calandra  oryzw, 
Triholium  jerrugineum, 

A  great  many  Silvanus  surinameims  were  also  used.  In  these  tests 
carried  out  in  the  tight  glass  flasks,  practically  all  beetles  wore  killed 
by  carbon  disulphide  used  at  the  rate  of  i/i  dram  to  a  cubic  foot  of  air 
space.  It  took  li/^»  drams  of  the  tetrachloride  of  carbon  to  accomplish 
the  same  result  (at  about  70°  F.).  That  is,  compared  with  carbon  disulf- 
phide,  six  times  as  much  carbon  tetrachloride  was  required  to  accomp- 
lish efl'ective  fumigation.  The  tests  were  run  from  seventeen  to  twenty- 
four  hours.  It  should  be  stated  that  the  liquid  insecticide  in  every  case 
was  dropped  upon  a  thin  piece  of  absorbent  cotton,  which  was  susi)ended 
at  the  center  of  the  flask.  Thus,  the  broad  surface  of  the  cottcm  enabled 
the  fluid  to  evaporate  rapidly.  The  liquid  carbon  tetrachloride  was 
found  to  be  entirely  non-inflammable — and  its  vapor,  non-explosive. 

Kesults  of  the  experiments  just  described  were  not  published  at  the 
time — mainly  because  the  expense  for  effective  fumigation  with  carbon 
tetrachloride  seemed  so  great  as  to  be  almost  prohibitive.  Dr.  Britton 
of  the  Connecticut  Experiment  Station  had  given,  in  1908,  his  experi- 
ments with  carbon  tetrachloride  used  as  a  fumigant  against  scale  in- 
sects on  nursery  trees.* 

Later,  Feb.,  1910,  Mr.  Albert  P.  Morse  published  a  note  on  "Carbon 
Tetrachloride  vs.  Carbon  Bisulphid"  as  a  fumigant  used  in  the  control 
of  grain  and  natural  history  pests.f  Mr.  Morse  stated  that  "for  large 
cases  a  strength  of  one  quart  to  fifty  cubic  feet  is  desirable — iiractically 
twice  that  of  carbon  bisulphid,  of  which  a  pint  to  fifty  cubic  feet  is 
suflBcent." 

In  October,  1911,  Professor  F.  II.  Chittenden  and  Mr.  C.  H.  Popenoc 
of  the  U.  S.  Department  of  Agi'iculture  published  a  i)aper  on  experi- 
ments carried  out  with  the  same  chemical  used  as  a  substitute  for  car- 


*Joarnal  of  Economic  Entomology,  Vol.  1.  No.  2,  p.  111. 
tJonrnal  of  Economic  Entomology  Vol.  3,  No.  1,  p.  104. 
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bon  biBulphid  in  fumigation  against  insects.*  The  authors  found  that 
"if  the  material  were  a  cheap  product,  it  might  prove  a  substitute  for 
carbon  bisulphid  if  used  in  strength  greater  than  ten  i)ounds  to  one 
thousand  cubic  feet.'^ 

Later  still  (May,  1913),  Professor  H.  Garman  of  the  Kentucky  station 
stated  that,  as  the  largest  amount  of  carbon  tetrachloride  used  in  a  series 
of  tests,  20.8  ozs.  to  100  cubic  feet  killed  100  per  cent  of  the  insects  in 
nine  cases  out  of  twelve-f 

In  the  Spring  of  1914,  a  request  came  from  the  J.  W.  Knapp  Depart- 
ment Store  of  Lansing,  Michigan,  asking  for  some  safe  means  of  insur- 
ing valuable  furs,  stored  in  a  small  room,  against  moths  during  the  sum- 
mer. The  "fur  room"  was  4x6^^x61/2  feet — the  side  walls  tightly  built 
of  matched  lumber,  the  ceiling  of  glass.  It  was  located  in  the  large 
cloak  and  coat  department  room,  where  it  was  very  accessible;  but  any 
fumigant  used  had  to  be  as  inoffensive  as  possible,  without  especial  dan- 
ger to  human  life,  and  without  the  entailment  of  extra  fire  risk.  Carbon 
tetrachloride  suggested  itself  as  the  possible,  satisfactory  fumigant  in 
this  case.  Further  laboratory  tests  had  shown  the  writer  that  with  or- 
dinary wooden  enclosures,  which  were  not  practically  gas-tight  (as  was 
the  case  with  the  glass  flasks),  perfect  fumigation  could  not  be  obtained 
at  usual  room  temperatures  (68°  to  70°  F),  even  when  the  carbon 
tetrachloride  was  exposed  in  a  wide  vessel.  The  vapor  slowly  escaped 
from  the  walls  of  such  enclosures,  and  evaporation  did  not  go  on  rapidly 
enough  at  even  70°  F.  to  bring  about  the  necessary  concentration  for 
perfect  fumigation.  It  was  necessary  to  use  heat  and  vaporize  the  liquid 
quickly.  Dr.  Britton  had  experienced  a  somewhat  similar  difficulty  in 
volatilizing  this  liquid  in  his  experiments  with  nursery  stock.  He  final- 
ly resorted  to  the  use  of  heated  cast  iron  pans  for  generating  the  vapor 
more  quickly  (citation  given  above).  Kecommendation  was  made  in  this 
instance,  therefore,  that  six  pounds  of  carbon  tetrachloride  be  vaporized 
from  wide,  heated  pans  placed  near  the  ceiling  of  the  "fur  room" — 
and  that  the  charge  be  started  immediately  after  closing  hours  in  the 
evening.  According  to  this  recommendation,  the  liquid  carbon  tetra- 
chloride was  used  at  the  rate  of  about  3.55  pounds  to  100  cubic  feet  of 
room  space.  Heat  for  vaporization  was  supplied  by  hot,  flat  soapstones 
laid  on  iron  brackets.  The  wide  pans  of  carbon  tetrachloride  were  set 
on  the  hot  soapstones  and  the  room  was  quickly  closed.  In  the  case  of 
the  first  charge  tried,  the  stones  had  not  been  made  hot  enough  and  not 
quite  all  the  liquid  insecticide  had  evaporated  even  after  twenty-four 
hours.  Several  adult  moths  {Tinea  hiselliella)  had  been  placed  in  a 
wire  cage  in  the  room.  These  were  quiet  when  the  cage  was  removed  iett 
the  end  of  the  twenty-four  hours  period,  but  after  about  four  hours  in 
fresh  air  two  moths  recovered  enough  to  be  able  to  move  their  legs.  How- 
ever, none  ever  recovered  entirely.  Another  charge  was  made  with  six 
pounds  of  the  carbon  tetrachloride,  and  this  time  the  soapstones  were 
made  very  hot  so  that  the  liquid  vaporized  rapidly.  A  cage  of  moths 
could  be  observed  through  the  glass  roof  of  the  room.  They  quickly  be 
came  quiet.  Before  morning  all  the  liquid  insecticide  had  been  vaporiz- 
ed.  The  cage  was  removed  after  thirty-six  hours,  and  the  moths  were 

•BulleUn  No.  96.  Part  IV,  1911 ;  Bureau  of  Entomology,  U.  S.  Dept.  of  Agriculture. 
tKentucky  Sta.  Bulletin  No.  172,  p.  200. 
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kept  Tinder  observation  at  intervals  for  one  day;  none  of  the  insects 
showed  any  recovery.  (See  tables  IV  and  V  for  the  effect  of  carbon 
tetrachloride  upon  reductases  and  catalases).  This  last  charge  of  in- 
secticide vapor  was  considered  satisfactory;  and  following  it,  similar 
fumigations  were  made  at  intervals  of  about  five  weeks,  on  the  average, 
from  May  until  October.  The  large  room,  in  which  the  "fur  room"  was 
located,  was  well  ventilated  and  nothing  of  a  disagreeable  nature  was 
ever  experienced  from  the  fumigation.  All  the  furs  came  through  the 
Summer  in  fine  condition.  The  company  management  was  so  well  pleas- 
ed that  the  same  method  is  being  used  with  the  furs  again  in  the  Sum- 
mer of  1915.  Moreover,  Mr.  Armstrong,  who  was  in  charge,  reported 
that  this  method  of  caring  for  the  furs  had  proven  to  be  cheaper  than 
'cold  storage";  and  in  addition,  it  afforded  the  very  great  advantage  of 
convenience  in  having  the  furs  where  they  were  easily  accessible.  Car- 
bon tetrachloride  cost  the  company  twenty-seven  cents  per  pound. 

C.  HEAT  AS  AN  INSBCTICIDE. 

Finally,  suggestions  relating  to  possible  practice  should  certainly 
call  attention  to  heat  as  an  insecticide.  The  effect  of  heat  upon  oxi- 
dases, catalases  and  reductases  in  the  tissues  of  P.  cornutus  and 
various  other  insects  has  already  been  given  earlier  in  this  paper.  No 
more  eflScient  means  than  heat  was  found  for  destroying  the  activi- 
ties of  these  three  agencies  of  the  tissue  cells;  it  was  shown  that 
when  specimens  of  P.  cornutus  were  killed  by  the  least  degree  of 
heat  that  could  be  effectively  used,  the  activities  of  reductases,  oxidases, 
and  catalases  were  injured  in  a  greater  or  less  degree.  The  effect  of  dif- 
ferent degrees  of  heat  in  coagulating  the  various  soluble  proteins  in  ani- 
mal tissues  is  well  known.  It -should  be  added,  here  that  fatal  injury  to 
the  insects,  and  noticeable  injury  to  one  or  more  of  the  three  kinds  of 
enzyme-like  bodies  named,  seemed  to  occur  just  before  the  fii'st  aggluti- 
nation of  protein  took  place.  The  reductase  was  the  most  susceptible. 
In  case  of  clear,  filtered  water  extracts  of  the  tissues  of  P.  cornutus, 
which  were  heated  up  very  slowly  and  gradually,  the  soluble  catalase 
showed  its  greatest  loss  in  activity  earlier  than  the  guaiac  oxidase.  The 
latter  lost  its  principal  activity  at  the  moment  of  separation  of  the  chief 
or  largest  protein  precipitate. 

The  fatal  temperature,  in  the  case  of  insects,  varied  considerably  with 
the  species  and  with  the  length  of  time  the  insects  were  exposed.  No 
insects  were  tried,  however  (in  small  enclosures),  which  required  a 
temperature  of  more  than  122°  F.  maintained  for  a  period  of 
three  hours  to  cause  death;  and  at  that  temperature,  death 
usually  resulted  quickly.  Now,  122°  F.  is  a  comparatively  low 
temperature  and  many  plants  can  stand  exposure  to  even  higher  temper- 
atures for  several  minutes  without  appreciable  injury.  It  is  very  well 
known  that  cabbage  can  endure  hot  water  or  hot  soapsuds  much  better 
than  can  the  common  "cabbage  worm."  In  fact,  when  cabbage  is  head- 
ing, hardly  any  safer  or  better  method  for  killing  cabbage-worms  in  the 
home  garden  is  practiced  than  the  use  of  hot  soapsuds.  During  the  last 
five  or  six  years,  Professor  Dean  of  the  Kansas  State  Agricultural  Col- 
lege and  Experiment  Station  has  introduced  heat  as  a  comparatively 
cheap  and  efficient  method  of  controlling  all  classes  of  mill-infesting  in- 
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sects.*  The  method  has  been  put  to  the  test  in  several  other  states  and 
is  now  recognized  as  the  best  method  of  controlling  insects  in  well  built, 
steam-heated  mills. 

In  view  of  the  above  facts  it  has  seemed  to  the  author  that  perhaps 
heat  might  be  applied  to  advantage  as  an  insecticide  for  many  insects 
in  situations  where  it  ha«  never  been  the  practice  to  use  it.  A  few,  more 
specific  suggestions  may  be  made.  There  have  never  been  any  extensive 
tests  carried  out  (so  far  as  we  have  been  able  to  find)  to  determine 
whether  heat  might  not  be  used  profitably  in  certain  instances  to  clean 
some  kinds  of  nursery  stock  of  insect  pests.  One  opportunity  was  af- 
forded the  author  of  making  a  limited  test  of  the  possibilities  along  this 
line.  Forty-four  one  year  old  apple-stocks  were  given  by  the  Department 
of  Horticulture  for  the  test.  It  had  been  found  by  trial  that  San  Jose 
scale  on  thickly  infested  twigs  could  be  killed  by  submerging  them  for 
five  minutes  in  water  heated  to  130°  F.  The  green  apple  aphis  was  killed 
within  one-half  minute  in  water  at  that  temperature.  The  test  with  the 
apple-stocks  was  carried  out,  therefore,  to  learn  something  of  the  effect, 
upon  the  stocks  themselves,  of  dipping  them  in  water  at  certain  tem- 
peratures for  different  periods  of  time.  The  bundle  of  stocks,  wrapped 
in  sphagnum,  had  been  kept  all  winter  in  the  basement  of  the  cold  stor- 
age plant  at  the  college.  They  were  still  almost  entirely  dormant  on 
May  4th,  1914,  when  the  test  was  started.  Ten  average  stocks  were 
picked  out  for  a  check — not  to  be  treated,  but  planted  just  as  they  came 
from  the  storage.   The  remainder  were  given  treatment  as  follows : — 

(1)  5  stocks — tops,  only,  dipped  at  130°  F.  for  5  mins. 

(2)  5  stocks — tops,  only,  dipped  at  130°  F.  for  10  mins. 

(3)  5  stocks — toj)s  and  roots  dipped  at  130°  F.  for  G  mins. 

(4)  5  stocks — tops,  only,  dipped  at  140^  F.  for  5  mins. 

(5)  5  stocks — tops,  only,  dipped  at  140°  F.  for  15  mins. 

(6)  5  stocks^ — tops  and  roots  dipped  at  140°  F.  for  20  mins. 

(7)  4  stocks — tops  and  roots  dipped  at  150°  F.  for  10  minutes. 

All  the  stocks  were  then  planted  in  a  row  close  together  at  the  same 
depth  in  the  same  kind  of  soil. 

The  checks  or  untreated  stocks  leaved  out  several  days  ahead  of  the 
treated  plants,  but  all  of  the  latter  finally  came  into  leaf,  and  were  still 
alive  in  the  fall — except  the  four  stocks  which  had  been  treated  in 
water  at  150°  F.  for  10  minutes.  Those  four  plants  had  been  killed, 
evidently  by  the  treatment.  Examined  on  May  21,  1915,  most  of  the 
young  ai)plp  trees  were  in  almost  full  leaf.  The  dead  and  injured  trees 
could  be  easily  recognized.  Nine  of  the  trees  in  the  check  were  alive  and 
one  dead.  By  numl)ers,  the  condition  of  the  treated  trees  was  as  fol- 
lows : — 

(1)  5  trees  alive. 

(2)  4  trees  alive;  1  tree  dead. 

(3)  3  trees  alive;  2  trees  dead. 

(4)  3  trees  alive;  2  trees  dead. 

(5)  5  trees  alive;  3  of  them  with  3  or  4  inches  of  stock  dead  at  the 

top. 
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(6)  2  trees  alive;  3  trees  dead. 

(7)  These  trees  were  all  dead  last  Fall. 

It  will  be  observed  that  some  of  these  plants  stood  exposure  to  a  high- 
er temperature  for  a  longer  period  than  would  be  necessary  to  kill  San 
Jose  scale.  This  test  is  not  offered  as  in  any  way  conclusive,  however. 
It  is  described  here  in  order  to  better  call  attention  to  the  suggestion 
that  possibly  a  careful  and  thorough  investigation  along  this  and  similar 
lines  might  be  worth  while. 

Most  household  pests  succumb  readily  to  heat.  For  example,  adults 
of  one  of  the  common  clothes-inothes  (Tima  biselliella)  may  be  quickly 
killed  at  119°  F.  A  hot  flat  iron  has  often  been  recommended  as  a 
means  of  killing  the  larvae  of  moths  in  clothing — but  might  not  some 
practical  and  safe  means  of  applying  heat  be  arranged  to  insure  valuable 
clothing  in  chests  or  closets  against  moths?  Thus,  there  are  many  pos- 
sibilities for  heat,  as  an  insecticide,  that  have  never  been  carefully  and 
systematically  tested  as  to  their  larger  practicability. 


GENERAL  CONCLUSIONS. 

Reductases,  catalases  and  oxidases  were  found  in  water  extracts  and 
in  the  insoluble  pulp  of  the  tissues  of  P.  Cornutus  and  other  insects. 
Moreover,  almost  certain  evidence  indicated  that  the  same  three  kinds  of 
enzyme-like  bodies  exist  in  the  intact  tissues  of  living  insects. 

Heat  of  certain  intensities,  and  the  several  contact  insecticides  studied 
(gasoline,  carbon-disulphide,  hydrocyanic  acid  gas,  sodium  fluoride, 
etc.),  when  used  at  a  concentration  suflScient  to  kill  insects,  deleterious- 
ly  affected  the  activities  of  reductases,  catalases  and  oxidases — usually 
in  unequal  degi-ee,  thus  disturbing  the  natural  or  normal  balance  of 
such  activities. 

If  the  catalase,  oxidase,  and  reductase  activities  are  actually  of  as 
vital  importance  to  the  life  processes  of  the  tissue  cells  as  certain 
evidence  indicated,  then  the  deleterious  action  of  the  contact  insecticides 
studied  in  this  connection  must  be  an  important  factor — perhaps,  in 
some  cases,  the  determinimj  factor — in  causing  the  death  of  treated 
insects. 

A  study  of  the  influence  of  the  various  contact  insecticides  upon  the 
life  processes  in  nervous  tissue  cells  seems  of  next  importance  in  this 
connection. 

Fat  or  fat-like  membrances  (e.  g.,  lard  and  lanoliue)  absorbed  gasoline- 
vapor  (and  chloroform-vapor)  from  air  charged  with  that  vapor,  and 
the  absorbed  vapor  rendered  the  membranes  less  permeable  to  oxygen. 
This  finding  may,  in  part,  account  for  the  fact  that  less  oxygen  was  used 
by  an  insect  deeply  under  the  influence  of  gasoline,  since  a  similar  con- 
dition existed — in  that,  under  such  circumstances,  the  lipoids  of  the  liv- 
ing, oxygen-absorbing  cells,  and  of  the  body  fluids  surrounding  them, 
were  impregnated  with  gasoline.  So  also,  the  same  finding  may  help 
to  explain  the  fact  that,  in  the  presence  of  air  containing  gasoline  vapor, 
less  hydroquinone  was  oxidized  in  an  "insect  tissue  extract  plus  hydro- 
quinone  solution"  (in  which  the  reductase  had  mostly  passed)  than 
was  the  case  when  the  same  extract  was  in  pure  air. 

Waxen  membranes  which  had  been  thoroughly  wet  with  lime-sulphur 
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solution  were  found  to  be  less  permeable  to  oxygen  than  before  they 
were  treated  with  the  solution.  Thus  lime-sulphur,  in  addition  to  its 
effect  as  described  in  a  former  paper,  would  render  the  waxen  covering 
of  a  scale  insect  less  permeable  to  oxygen. 

PupsB  of  the  Luna  moth,  and  adults  of  Passalus  cornutus  in  a  dormant 
condition  from  cold,  absorbed  much  less  gasoline-vapor  or  vapor  of  ether 
in  air  than  did  the  same  insects  when  they  were  most  active,  at  a  warm 
room  temperature,  in  air  charged  with  practically  the  same  percentage 
of  vapor.  This  lowered  absorption  capacity,  which  was  found  to  accom- 
pany the  dormant  condition,  may  furnish  the  chief  explanation  of  the 
fact  that  insects,  dormant  from  cold,  are  harder  to  kill  by  ordinary 
fumigants  and  by  those  contact  sprays  which  depend  partly  upon  vola- 
tile insecticide  ingredients  for  their  effectiveness. 

It  was  found  that  certain  non-volatile,  pow^dered  solids  were  able  to 
act  as  effective  contact  insecticides  when  used  on  certain  insects.  Such 
dry,  powdered  insecticides  stuck  fast  in  exudations  on  portions  of  the 
insect  body,  where  they  became  partly  dissolved,  after  which  they  ap- 
peared to  be  slowly  absorbed  through  the  body-integument. 

Both  powdered  borax  and  sodium  fluoride  may  kill  cockroaches  in  the 
manner  of  purely  contact  agents,  but  normally  they  become  stomach 
poisons  as  well — since  the  roaches  regularly  lick  and  swallow  some  of 
the  powder  in  cleaning  it  from  their  bodies. 

In  the  case  of  powdered  solid  contact  insecticides,  the  advantage 
seemed  to  lie  in  having  the  powder  so  fine  and  dry  that  it  could  sift 
readily  into  all  crevices  and  could  adhere  well.  Similarly,  other  things 
being  equal,  a  weak  surface  tension  gave  a  liquid  contact  insecticide  an 
advantage,  enabling  it  to  thoroughly  wet  the  bodies  of  insects  and  to  flow 
into  all  irregularities  of  the  area  treated. 

Among  several  substances  which  were  found  to  increase  the  "spread" 
of  lime-sulphur  solution,  saponin  or  extracts  taken  directly  from  the 
stems  and  leaves  of  Saponaria  officinalis  (bouncing  bet)  seemed  to  be 
best.  It  is  suggested  that  perhaps  the  use  of  extracts  from  "bouncing- 
bet  hay"  with  lime-sulphur  solution  might  prove  profitable  in  orchard 
spray-practice. 

Experiments  with  ammonia  (derived  from  dry  liquefied  ammonia)  as 
a  fumigant  for  mill  insects  were  rather  disappointing;  but  the  liquified 
ammonia  was  easy  to  apply  and  might  prove  to  be  a  desirable  fumigant 
for  insects  in  some  instances. 

When  carbon  tetrachloride  was  compared  with  carbon  disulphide  as 
to  its  action  on  grain  insects  in  tight  flasks,  six  times  as  much  of  the 
former  was  required  for  effective  fumigation.  The  carbon  tetrachloride 
was  vaporized  with  heat  and  satisfactorily  used,  at  the  rate  of  3.55  lbs. 
for  100  cubic  feet  of  air  space,  to  insure  furs  against  moths — ^fumigation 
being  repeated  every  five  weeks  during  the  summer  months.  The  charge 
as  used  killed  adults  of  Tinea  biselliclla. 

Evidence  indicates  that  heat  might  be  applied  to  advantage  as  an  in- 
secticide in  many  situations  where  it  has  never  been  the  practice  to  use 
it. 
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treated  sti-ongly  with  CS,  and    ^   hydroqiiinone  was  added  later  in 


PLATE  I. 

Fig,  1.    Sample  of  thick  creamy  extract  in  the  left  stender  dish  was 
•eated  sti-ongly  with  ( 
the  presence  of  the  CSj* 

Check  extract  to  the  right  (not  treated)  had  the  same  amount  of  ^ 
hydroquinone  added,  at  the  same  time  as  the  treated  extract. 

The  darker  color  of  the  check  shows  the  greater  oxidation  of  the  hydro- 
quinone to  quinone. 

Fig.  2.  Shows  the  form  of  sealed  tube  in  which  the  reducing  action 
of  insect-tissue  extract  toward  methylene  blue,  indigo  carmine,  etc.,  was 
studied. 

Fig.  3.  First  cup  to  the  left  shows  the  darkened  solution  of  tyrosin, 
oxidized  under  the  influence  of  a  crushed  elytra  (thoroughly  cleaned 
with  alcohol)  of  an  old  adult  P.  cornutus. 

Middle  cup  contains  clear  unoxidized  solution  of  tyrosin  with  crush- 
ed elytra  which  had  been  heated  to  boiling  for  10  minutes. 

Cup  to  the  right — check,  containing  only  tyrosin  solution  which  re- 
mained clear  during  the  7  days  of  the  test. 

Fig.  4.  Cockroach  (P.  americana),  showing  the  head  and  arrange- 
ment of  the  white  bristol-board  collar  to  prevent  the  insecticide  powder, 
with  which  the  body  was  treated,  from  reaching  the  insect's  mouth. 
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INTRODUCTION. 


Temperature  is  considered  to  affect  to  a  greater  or  less  degree  practi- 
cally every  physical  process  in  the  soil.  Some  of  the  most  important  pro- 
cesses thus  influenced  include  the  gravitational  flow  of  water,  capillary 
movement  and  retention  of  moisture,  diffusion  and  flow  of  gas,  etc.  Our 
present  knowledge  concerning  the  influence  of  temperature  upon  these 
factors  in  the  soil  consists  almost  wholly  of  a  priori  prediction  from  the 
known  laws  of  viscosity,  surface  tension,  and  expansion  of  liquids  and 
gases  as  affected  by  temperature.  There  appears  to  exist  practically  no 
investigation  verifying  the  validity  of  these  laws  in  the  case  of 
soil  media.  These  physical  laws  have  been  deduced  from  homogeneous 
media,  and  consequently  from  ideal  cases,  and  it  is  not  safe  from  a 
priori  considerations  to  assume  that  they  apply  equally  well  to  soil  of 
such  a  heterogeneous  composition.  The  heterogeneity  and  manifold  prop- 
erties of  the  soil  mass  introduce  many  unforeseen  factors  which  may  give 
entirely  unexpected  results.  Indeed,  such  is  the  case  with  many  of  the 
aforesaid  processes. 

It  is  the  purpose  of  this  bulletin,  therefore,  to  present  data  showing 
to  what  degree  temperature  affects  the  most  important  physical  pro- 
cesses in  the  soil,  and  incidentally  to  indicate  how  far  the  claim  of  the 
applicability  of  the  physical  laws  is. confirmed  or  disproved. 
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EFFECT  OF  TEMPERATURE  ON  THE  MOVEMENT  OF  WATER 
VAPOR  AND  CAPILLARY  MOISTURE  IN  SOILS. 


MOVBMBNT  OP  MOISTURB  PROM  WARM  TO  CX)LD  COLUMN  OP  SOIL  OP  UNIFORM 

MOISTURB  CONTENT. 

The  surface  tension  and  viscosity  of  water  decrease  with  rise  in  tem- 
I)erature  to  the  extent  shown  by  the  data  in  table  1, 

TABLE  1.— RELATION  OF  TEMPERATURE  TO  THE  SURFACE  TENSION  AND  VISCOSITY 

OF  WATER. 


Temperature  C. 

Surface  tension. 

Viscosity. 

0 

100. 

100. 

10 

97.96 

73.32 

20 

94.32 

56.70 

30 

01.62 

45.12 

40 

88.46 

36.96 

50 

85.52 

30.17 

It  will  be  noted  that  the  degree  of  diminution  with  rise  in  temperature 
is  considerably  greater  in  the  case  of  viscosity  than  in  surface  tension. 

During  the  warm  part  of  the  year  the  soil  at  the  upper  depths  main- 
tains a  rather  marked  temperature  gradient  which  reverses  itself  between 
day  and  night  to  the  depth  that  the  diurnal  amplitude  of  temperature 
oscillation  extends.  This  diurnal  change  of  temperature  gradient  occa- 
sions an  alteration  in  surface  tension  and  viscosity  of  the  soil  moisture, 
the  amount  depending  upon  its  variation  at  the  different  depths.  Since 
capillary  action  is  said  to  depend  upon  surface  tension,  and  facility  of 
movement  upon  viscosity,  then  there  should  occur  an  upward  and  down- 
ward movement  of  moisture  as  the  temperature  gradient  changes  diurnal- 
ly.  During  the  day,  for  example,  the  temperature  of  the  soil  is  highest 
at  the  surface  and  diminishes  with  depth;  the  surface  tension  and  the 
viscosity  of  soil  moisture,  are  lowest  at  the  surface  and  rise  with  depth ; 
consequently  the  movement  of  moisture  should  be  downward.  During  the 
night,  the  reverse  is  true;  the  soil  temperature  is  lowest  at  the  surface 
and  increases  with  depth ;  the  surface  tension  and  the  viscosity  of  the  soil 
water  are  greatest  at  the  top  and  diminish  downward  with  increase  of 
temperature;  hence,  the  water  translocation  should  be  upward. 

These  considerations  are  a  priori  deductions  from  the  laws  of  surface 
tension  and  viscosity  in  their  relation  to  temperature.  Whether  or  not 
they  are  valid,  however,  is  heretofore  not  known ;  since  there  appear  to  be 
no  experimental  data  bearing  directly  upon  the  subject. 

With  the  object  in  view  of  ascertaining  this  important  and  much  de- 
sired information  an  investigation  of  the  problem  was  undertaken.  The 
general  method  of  procedure  consisted  of  placing  soil  of  different  but 
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uniform  moisture  content  in  brass  tubes  8  inches  long  and  l^^  inches 
in  diameter,  closing  both  ends  with  solid  rubber  stoppers,  and  keeping 
one-half  of  the  soil  column  at  a  high  temperature  and  the  other  half  at  a 
low  temperature  for  a  certain  length  of  time,  then  determining  the  per- 
centage of  moisture  of  the  two  columns,  and  attributing  any  difference  in 
water  content  to  thermal  translocation.  There  were  only  two  amplitudes 
of  temperature  employed,  0^  to  20°  C,  and  0°  to  40°  C,  i.  e.,  one-half  of 
the  soil  column  was  kept  at  0°  C.  and  the  other  half  at  20°  and  40°  C. 
For  producing  these  temperature  amplitudes  wooden  boxes  were  used 
which  contained  melting  ice  and  warm  water  separately  and  their  tem- 
peratures were  maintained  constant  by  the  addition  of  ice  and  hot  water 
respectively. 

The  movement  of  moisture  from  warm  to  cold  soil  was  studied  in  two 
different  ways:  (1)  when  the  column  of  soil  stood  horizontally,  and  (2) 
when  it  stood  vertically.  For  the  first  case,  the  wooden  boxes  used  were 
22  inches  long,  10  inches  wide,  and  20  inches  deep,  having  a  wooden  parti- 
tion in  the  center  which  contained  perforations  of  the  size  to  fit  the  tubes. 
One  compartment  contained  melting  ice  and  the  other  water  at  the  de- 
sired temperature.  To  prevent  any  exchange  of  water  between  the  two 
compartments  the  edges  of  the  partition  and  the  holes  through  which  the 
tubes  passed  were  made  water-tight  by  means  of  paraflSn.  For  the  second 
study,  the  employment  of  two  boxes  was  necessary.  One  box,  which  con- 
tained melting  ice,  was  24  inches  long,  10  inches  wide,  and  13  inches 
deep.  The  other  box,  which  contained  water  at  the  desired  temperature, 
was  made  to  fit  the  inner  side  of  the  first  box  and  was  13  inches  long,  7 
inches  wide  and  11  inches  deep.  The  bottom  of  the  small  box  was  sup- 
plied with  holes  in  which  to  place  the  tubes.  The  size  of  the  perforations 
was  made  to  fit  the  tubes  tightly.  To  make  the  small  box  also  water 
proof  the  crevices  surrounding  the  tubes  were  sealed  with  melted  paraffin. 
The  small  box  was  then  put  upon  supports  in  the  large  box.  The  latter 
was  filled  with  melting  ice  up  to  and  touching  the  bottom  of  the  former. 
The  water  in  the  upper  box  was  kept  at  the  desired  temperature.  A 
diagram  of  both  set  of  boxes  is  shown  in  figure  1.  All  the  boxes  were 
well  insulated,  and  since  they  were  big  and  contained  large  volumes  of 
water  the  temperature  could  be  kept  to  within  small  variations  for  long 
time.  The  water  was  stirred  occasionally,  to  maintain  uniformity  of 
temperature  throughout  the  mass. 

The  temperature  amplitudes  employed  are  within  the  upper  limit  of  the 
diurnal  amplitudes  of  temperature  at  the  upper  depths  in  the  soil  but 
they  are  too  high  for  the  range  of  temperature  that  exists  at  any  one 
time  between  the  various  adjacent  depths. 

The  duration  of  each  experiment  was  about  eight  hours.  This  time 
limit  was  calculated  to  repi*esent  approximately  the  length  of  time 
that  the  day  and  night  soil  temperature  gradient  is  most  mariced. 

The  effect  of  temperature  on  the  movement  of  moisture  in  soils  of  uni- 
form moisture  content  was  investigated  in  5  diverse  classes  of  soil, 
namely:  Miami  light  sandy  loam,  Miami  heavy  sandy  loam,  Miami  silt 
loam,  Clyde  silt  loam  and  Miami  clay.  Each  soil  contained  a  large  num- 
ber of  different  moisture  contents.  These  various  moisture  contents  in 
each  soil  ranged  from  very  low  to  very  high. 

To  procure  very  uniform  moisture  content  throughout  the  soil  column 
each  soil,  after  it  was  moistened  to  the  desired  degree,  was  passed  through 
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a  sieve  and  then  mixed  thoroughly.  It  was  then  placed  in  the  tubes  and 
packed  unifonnly  by  allowing  the  tubes  to  fall  in  a  vertical  position  from 
a  certain  height  a  definite  number  of  times. 

At  the  end  of  each  experiment  the  warm  column  was  separated  from 
the  cold  column  of  soil  by  means  of  a  spatula.  This  was  done  by  draw- 
ing out  all  the  soil  from  that  warm  section  of  the  tube  which  extended  up 
to  the  plane  of  the  partition  and  allowing  for  the  cold  column  of  soil 
all  the  soil  that  was  contained  in  that  cold  section  of  the  tube  up  to  the 
other  plane  of  the  partition,  and  also  that  portion  of  the  soil  contained 
in  the  tube  under  the  hole  of  the  partition.  This  last  part  of  the  soil  was 
accorded  to  the  cold  column  of  soil  because  its  temperature  is  inter- 
mediate between  the  opposite  temperature  extremes  and  it  was  desired 
to  make  the  lines  of  demarcation  between  the  two  columns  of  soil  as 
prominent  and  distinct  as  possible.  The  moist  soils  were  dried  in  an 
electrical  oven  for  about  20  hours  at  a  temperature  of  105°  0.,  and  the 
I>ercentage  of  moisture  content  was  calculated  on  the  dry  basis.  The 
weights  were  always  made  on  a  sensitive  chemical  balance. 

The  fact  has  been  mentioned  that  the  mobility  of  moisture  from  warm 
to  cold  column  of  soil  was  studied  in  two  different  ways:  (1)  when  the 
column  of  soil  stood  horizontally,  and  (2)  when  it  stood  vertically.  The 
data  obtained  from  both  series  of  experiments  show  that  if  the  same  per- 
centages of  moisture  were  employed  practically  the  same  results  were 
obtained,  no  matter  whether  the  soil  columns  remained  in  the  horizontal 
or  vertical  position.  For  sake  of  brevity  and  simplicity  of  presentation, 
therefore,  only  the  results  of  the  series  of  experiments  wherein  the  soil 
column  was  held  in  the  vertical  position,  will  be  presented  here.  These 
experimental  data  together  with  their  diagramatic  representations  are 
submitted  below.  Table  2  contains  the  different  soils  with  their  various 
moisture  contents,  and  the  percentage  of  moisture  moved  from  the  column 
of  soil  at  20°  to  the  column  of  soil  at  0°  C,  and  from  the  column  of 
soil  at  40**  to  the  column  of  soil  at  0°  C.  The  percentage  of  moisture 
moved  represents  the  difference  between  the  percentages  of  moisture 
found  in  the  cold  and  warm  columns  of  soil  respectively  at  the  end  of 
the  experiment ;  at  the  beginning  of  the  experiment  the  moisture  content 
was  the  same  in  both  columns  of  soil.  Figure  2  represents  all  these  data 
in  a  graphical  form. 

The  foregoing  data  present  many  important  and  remarkable  facts. 
First  of  all,  they  show  most  emphatically  that  the  a  priori  prediction  re- 
garding the  thermal  movement  of  moisture  as  deduced  from  the  laws  of 
surface  tension  and  viscosity  in  their  relation  to  temperature,  is  not 
strictly  realized.  According  to  these  laws  the  amount  of  water  moved 
from  warm  to  cold  column  of  soil  should  be  the  same  for  all  moisture 
contents,  providing  the  soil  mass  exerts  no  influence  upon  water;  in- 
asmuch, however,  as  the  soil  does  exert  an  adhesive  force  for  water,  then 
the  thermal  translocation  of  moisture  should  increase  with  rise  in  water 
content.  Instead,  the  percentage  of  water  moved  from  warm  to  cold  col- 
um^  of  soil,  at  both  temperature  amplitudes,  increases  regularly  and 
rapidly  with  increase  in  moisture  content  in  all  the  different  types  of 
soil,  until  a  certain  moisture  content  is  readied  and  then  it  commences 
to  decrease  with  further  rise  in  percentage  of  tmter.  The  results  plot  then 
into  a  parabola,  with  a  mawimum  poi/nt,  instead  of  a  straight  line.  This 
maximum  point  of  water  thermal  translocation  is  significant  in  at  least 
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two  ways:  (1)  it  is  quantitatively  about  the  same  for  all  diverse  classes 
of  soil,  and  qualitatively  the  same  for  both  amplitudes  of  temperature, 
and  (2)  it  is  attained  at  entirely  different  moisture  contents  in  the 
various  soils,  and  at  a  comparatively  low  percentage  of  moisture.  On  re- 
ferring to  the  data  in  table  2  it  will  be  seen  that  the  maximum  thermal 


water  transference  at  the  amplitude  of  20'^  C.  is  0.90  per  cent  for  light 
sandy  loam,  0.93  for  heavy  sandy  loam,  1.19  for  silt  loam,  1.07  for  Clyde 
silt  loam,  and  0.99  for  clay;  at* the  temperature  amplitude  of  40"*  C,  it 
is  2.88  per  cent  for  light  sandy  loam,  3.02  for  heavy  sandy  loam,  3.68 
for  silt  loam,  3.27  for  Clyde  silt  loam,  and  3.29  for  clay.    It  should  be 
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noted  that  the  percentage  of  thermal  motion  of  water  increases  more 
than  proportionally  with  temperature.  The  temperature  of  40°  C.  for 
instance,  is  only  twice  as  great  as  20°  O.  while  the  percentage  of  mois- 
ture moved  is  three  times  greater  in  the  former  case  than  in  the  latter. 
The  water  content  of  the  various  soils  at  which  the  maximum  thermal 
translocation  occurs  is  7.50  per  cent  for  light  sandy  loam,  9.08  for  heavy 
sandy  loam,  14.21  for  silt  loam,  18.80  for.  Clyde  silt  loam,  and  19.29  foV 
clay. 

Obviously  then,  the  maximum  thermal  water  movement  depends  upon 
a  definite  condition  of  moisture  of  any  particular  soil ;  a  deviation  from 
this  definite  degree  of  moisture  in  either  direction  causes  a  decrease  in 
thermal  movement  of  water.  Since  this  definite  percentage  of  moisture 
at  which  the  greatest  quantity  of  water  is  able  to  move  from  warm  to 
cold  column  of  soil  appears  to  be  a  specific  constant  or  characteristic  of 
the  various  soils,  it  is  proposed  to  designate  it  as  thermal  a  itical  inois- 
ttire  content.  A  thermal  critical  moisture  content  may  be  defined  then 
as  that  percentage  of  moisture  in  a  soil  which  allows  the  greatest  amount 
of  water  to  move  from  a  warm  to  a  cold  soil  at  any  amplitude  of  tem- 
perature. 

A  further  examination  of  the  preceding  experimental  data  shows  that 
tlie  thermal  movement  of  moisture  is  extremely  sensitive  to  the  amount 
of  water  present  in  a  soil.  It  will  be  noted  that  by  increasing  or  decreasing 
<he  percentage  of  soil  water  by  small  degrees  the  thermal  movement  varies 
very  markedly  in  either  direction.  From  this  it  follows  that  the  thermal 
critical  moisture  content  must  be  quite  definite,  and  in  order  to  obtain  it 
absolutely  the  percentage  of  soil  moisture  near  the  point  of  maximum 
thermal  movement  must  be  increased  by  small  amounts.  This  applies 
especially  to  the  light  sandy  soil  in  which  the  sensitiveness  appears  to 
be  more  marked  and  the  range  more  limited.  If  the  increase  in  percent- 
age of  moisture  content  took  place  in  this  soil  by  0.1%  instead  of  1.0% 
the  maximum  thermal  translocation  would  probably  have  been  as  high 
as  that  of  the  other  soils.  It  is  possible,  however,  that  the  value  ob- 
tained is  about  the  upper  limit  for  this  soil  and  consequently  for  all  soils 
of  its  type. 

The  diminution  of  the  thermal  translocation  of  water  with  decrease  in 
moisture  content  from  the  point  of  thermal  critical  moisture  content, 
might  be  anticipated,  but  the  decrease  of  water  movement  with  further 
increase  of  moisture  content  after  the  point  of  thermal  critical  moisture 
content,  was  not  expected.  Indeed,  it  was  at  first  thought  that  the  move- 
ment would  be  greater  at  the  highest  moistuiti  contents  because  there 
would  also  occur  a  gravitational  movement.  When  soils  containing  as 
high  as  35.0  and  30.0  per  cent  of  moisture  as  did  the  Clyde  silt  loam  and 
the  clay  respectively  and  when  one-half  of  their  column  is  kept  at  40°  C. 
and  the  other  at  0°  C.  for  8  hours,  such  expectation  as  the  above  is  not 
at  all  unnatural.  Instead,  the  water  movement  at  these  highest  mois- 
ture contents  is  very  low,  and  in  descending  order,  and  the  cessation  of 
diminution  is  not  as  yet  reached.  These  results  go  to  show  then,  in  a 
most  striking  manner,  that  the  soils  possess  a  very  great  attraction  for 
water,  and  that  their  requirements  for  water  to  satisfy  their  attractive 
forces  before  free  movement  of  water  can  take  place,  are  indeed  high. 
Until  the  point  is  reached  where  gravitational  movement  occurs  the  mois- 
ture in  the  soil  is  held  by  a  force  of  great  magnitude. 
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Now,  the  next  question  is  how  may  this  peculiar  thermal  translocation 
of  water  be  explained?  What  are  the  causal  agents  which  bring  it 
about? 

As  already  stated  it  is  riot  entirely  due  to  the  surface  tension  and  vis- 
cosity of  the  soil  water;  for  if  that  were  the  case  then  the  movement 
should  have  followed  a  different  course.  If  the  soil  exerted  no  adhesive 
force  for  water  than  the  amount  of  moisture  moved  from  warm  to  cold 
column  of  soil  should  be  the  same  for  all  moisture  contents,  providing 
the  force  of  gravity  is  eliminated,  for  any  particular  amplitude  of  tem- 
I>erature.  But  since  the  soil  does  exert  a  strong  adhesive  force  for  water 
then  the  thermal  motion  of  water  should  follow  a  straight  line  with  rise 
in  moisture  content,  for  any  given  difference  in  temperature.  Instead, 
the  results  plot  into  a  parabola.  Evidently,  there  must  be  another  ex- 
planation for  the  phenomena. 

The  best  explanation  that  is  suggested  appears  to  be  founded  upon  the 
following  four  assumptions:  (l)The  soil  possesses  an  attractive  power 
for  water  and  holds  it  with  a  great  adhesive  force;  (2)  these  attractive 
and  adhesive  forces  decrease  with  increase  in  temperature;  (3)  the  sur- 
face tension  or  cohesive  power  of  the  liquid  also  diminishes  with  rise  in 
temperature;  and  (4),  the  force  due  to  the  curvature  of  the  water  films 
between  the  soil  grains  which  are  known  as  capillary  films,  decreases  with 
increase  of  water  content. 

All  these  four  assumptions  appear  to  be  correct.  The  validity  of  the 
tliird  and  fourth  is  generally  recognized  and  consequently  need  no  fur- 
ther discussion.  The  validity  of  the  first  is  also  universally  accepted; 
that  the  soil  possesses  an  attractive  power  for  water  can  hardly  be  de- 
nied; that  the  soil  holds  the  water  with  a  great  adhesive  force  is  evi- 
denced by  the  great  difficulty  experienced  in  attempting  to  separate  the 
one  from  the  other.  Indeed,  this  adhesive  force  is  so  great  that  no 
method  as  yet  has  been  devised  either  to  execute  a  complete  separation 
of  the  two  components,  or  to  measure  with  any  degree  of  precision  its 
magnitude.  The  researches  of  Lagergren^  Young^,  and  Lord  Rayleigh' 
indicate,  however,  that  this  force  may  be  an  order  of  magnitude  from 
6,000  to  25,000  atmospheres.  As  the  water  content  increases  this  force 
decreases. 

The  great  attractive  and  adhesive  forces  which  the  soil  exerts  for  water 
are  further  illustrated  by  the  researches  of  Briggs  and  McLane  on  the 
moisture  equivalent  and  those  of  Briggs  and  Shantz*  on  the  wilting  co- 
efficient of  plants'^.  By  whirling  wetted  soils  in  a  rapidly  revolving 
centrifuge,  fitted  with  a  filtering  device  in  the  periphery,  and  developing 
a  force  equivalent  on  the  average  to  3,000  times  the  attraction  of  gravity, 
Briggs  and  McLane  found  that  some  clay  soils  would  still  contain  about 
50 of  water.  Biggs's  and  Shantz/s  studies  on  the  wilting  coefficient  of 
I»lants  show  that  plants  would  wilt  and  die  in  clay  soils  even  when  the 
moisture  content  was  still  about  30%. 

Of  all  the  four  assumptions  the  correctness  of  the  third,  namely,  that 
the  attractive  and  adhesive  forces  decrease  with  rise  in  temperature  may 
be  doubted  by  many  and  challenged  by  few;  the  theoretical  and  experi- 

\Uber  die  bcliii  Benetzen  fein  vertellter  K6rper  auftretende  Wtlrmetonung  von  Lagergren, 
ncjinne  till  K.  SV.  Ve-takakt.,  Ilandl..  24.  afd,  11.  No.  5,  1898. 

«IIydro8tatIos  and  elementary  hydrokinetics,  G.  M.  Mlnchln,  p.  311,  1892. 
(1890)       ^^^^^^y       surface  forces,  by  Lord  Raylelgh,  PhU.  Mag.  (5),  80,  285-298,  456-475. 
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mental  evidences,  however,  are  overwhelmingly  in  its  favor.  According 
to  the  law  of  kinetic  energy  the  attractive  and  adhesive  forces  of  solids 
for  liquids,  and  gases  or  vapors,  should  decrease  with  rise  in  tempera- 
ture. The  investigations  upon  the  absorption  of  gases  and  vapors  at 
different  temperatures  show  such  to  be  the  case.  The  work  of  de  Sausure' 
and  Von  Dobeneck^  upon  the  absorption  of  gas  by  different  solid  ma- 
terials, and  the  researches  of  Knop^  and  Ammon*  upon  the  absorption  of 
water  vapor  by  soil,  seem  to  show  conclusively  that  the  absorptive  power 
of  diverse  solid  materials  for  gases  and  water  vapor,  decreases  with  in- 
crease in  temperature.  The  only  evidence  which  is  contrary  to  the  above 
is  that  obtained  by  Hilgard^®  on  the  absorption  of  water  by  "dry  soils  from 
a  saturated  atmosphere.  Hilgard's  results  show  that  the  absorption  of 
water  vapor  by  soils  increases  with  rise  in  temperature.  The  results  ob- 
tained by  the  several  investigators  mentioned  as  well  as  new  evidence 
which  w^ill  subsequently  be  presented,  tend  to  throw  considerable  doubt 
on  the  correctness  of  Hilgard's  data.  Hence,  it  can  safely  be  asserted 
that  the  third  assumption  is  correct. 

Bearing  these  postulates  in  mind  the  phenomena  of  thermal  water 
translocation  observed  may  be  explained  as  follows :  The  soil  with  lowest 
moisture  content  holds  the  water  with  a  force  of  great  magnitude.  When 
the  temperature  of  a  column  of  this  soil  is  uniform  throughout  the  ad- 
hesive and  attractive  forces  are  at  an  equilibrium.  When  one  half  of  this 
column  of  soil  is  heated  to  40°  C.  and  the  other  half  to  0°  C.  this  equi- 
librium is  disturbed.  The  attractive  and  adhesive  forces  of  the  soil  for 
water  and  the  cohesive  power  or  surface  tension  of  the  soil  water  are 
decreased  in  that  portion  of  the  soil  column  which  is  maintained  at  40° 
C.  and  increased  to  a  corresponding  magnitude  in  that  portion  of  the  soil 
column  which  is  kept  at  0°  O.  The  cold  column,  therefore,  exerts  a  pull 
and  draws  water  from  the  warm  column  in  amount  depending  UDon  the 
quantity  that  the  warm  column  of  soil  is  willing  to  give  up.  Since  the 
soil  possesses  a  great  attraction  for  water,  which  attraction  varies  with 
the  diverse  classes  of  soil,  and  inasmuch  as  this  attractive  force  is  not 
satisfied  at  the  low  moisture  content,  the  warm  soil  parts  only  with  a 
small  amount  of  its  water.  Hence,  the  amount  of  water  moved  from 
the  warm  column  to  the  cold  column  of  soil,  is  small.  At  the  next  higher 
moisture  content  the  attractive  power  of  the  soil  for  water  is  further 
satisfied  and  the  total  water  content  is  held  with  less  force.  When  a 
column  of  this  soil  is  kept  at  the  same  amplitudes  of  temperature  as 
above,  the  decrease  and  increase  of  the  adhesive  and  cohesive  forces,  due 
entirely  to  temperature,  between  the  warm  and  cold  columns  of  soil  are 
equal  in  amount  as  in  the  soil  with  the  lowest  moisture  content.  Water, 
therefore,  tends  to  move  from  the  warm  to  the  cold  soil.  Inasmuch,  as 
the  attraction  of  the  soil  has  been  further  satisfied  and  the  water  films 
further  thickened,  the  pull  of  tbe  cold  soil,  due  only  to  the  attractive 
forces  of  the  soil  for  water,  is  decreased,  but  the  ease  with  which  the 
w^arm  soil  gives  un  moisture  is.  on  the  other  hand,  increased.  The  result 
is  that  even  though  the  total  effective  pull  (which  is  composed  of  the  in- 
creased surface  tension  of  water,  increased  attractive  and  adhef?ive  forces 
of  soil  for  water,  and  the  force  of  the  curvature  of  the  capillary  films) 

•Ann.  Phys.  GHbert,  47,  113  (1S14>. 

Torsch.  A«r.  Phys..  15.  163  (1892). 

•Cited  by  Johnson,  How  Crops  Fefd.  pp.  161-162,  (1870). 

•Forsch,  A^T.  Pbyg..  2,  163  (1892). 

••Soils,  p.  198  (1912).  ^  I 
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of  the  cold  soil  with  the  high  moisture  content  is  less  than  that  of  the 
soil  with  low  moisture  content,  the  greater  ease  with  which  the  warm 
soil  with  high  water  content  parts  with  moisture  enables  the  reduced 
affective  pull  to  draw  more  water  from  the  warm  to  the  cold  side.  As  the 
moisture  content  of  the  soil  is  continually  increased  its  attractive  power 
is  satisfied  and  the  curvature  of  the  capillary  films  decreased,  correspond- 
ingly; the  total  effective  pull  of  the  cold  column  of  soil  is  continually  de- 
creased but  the  ease  with  w^hich  the  warm  column  of  soil  gives  up  mois- 
ture is  also  continually  increased,  so  that  the  thermal  translocation  of 
water  is  constantly  increased  with  rise  in  moisture  content.  Finally,  a 
degree  of  moisture  content  is  reached  in  which  the  effective  pull  of  the 
cold  column  of  soil  is  able  to  extract  the  greatest  amount  of  water  from 
the  warm  column  of  soil.  This  degree  of  water  content  is  the  thermal 
critical  moisture  content.  At  this  point  the  attractive  power  of  the  soil 
for  water  is  considerably  satisfied  but  far  from  being  entirely  appeased; 
the  total  effective  pull  ojF  the  cold  column  of  soil  is  also  considerabh'^  less 
than  that  of  the  preceding  columns  of  soil,  but  the  warm  column  yields 
water  to  this  pull  with  such  ease  that  there  occurs  a  maximum  thermal 
water  translocation.  Inasmuch  as  the  water  attractive  power  is  dif- 
ferent for  the  various  kinds  of  soils,  this  thermal  critical  moisture  con- 
tent is  necessarily  different.  After  this  thermal  critical  moisture 
content  is  reached  the  effective  pull  of  the  cold  column  of  soil  is  further 
decreased  with  continued  increase  of  moisture  content ;  and  although  the 
willingncFS  of  the  warm  column  of  soil  to  part  more  readily  with  mois- 
ture is  also  increased,  yet  the  pull  of  the  cold  column  of  soil  is  not  suffi- 
ciently strong  to  draw  it,  and  consequently  the  thermal  movement  of 
water  commences  to  decrease;  and  continues  to  diminish  very  regularly 
and  gradually  with  continued  increase  in  moisture  content.  When  the 
highest  percentage  of  water  is  reached  the  warm  soil  is  very  willing  to 
part  with  a  very  large  amount  of  water  but  since  the  effective  pull  of  the 
cold  soil  is  reduced  almost  to  minimum,  only  a  small  amount  of  moisture 
is  drawn  from  the  former  to  the  latter. 

The  degree  of  moisture  of  the  different  soils  could  not  be  further  in- 
creased on  account  of  the  difficulty  of  sifting  them,  and  consequently  it 
cannot  be  stated  with  certainty  whether  the  thermal  movement  of  water 
would  become  zero  at  a  still  higher  moisture  content.  From  the 
theoretical  point  of  view,  however,  it  should  not  become  zero  because  the 
pull  due  to  the  surface  tension  of  water  alone  is  not  affected  by  increase 
of  moisture  content,  but  remains  constant.  The  portion  of  pulling  force 
which  is  decreased  constantly  with  rise  in  moisture  content  is  that  per- 
taining to  the  attractive  power  of  soil  for  water,  and  to  the  curvature 
of  the  capillary  film.  At  or  near  the  point  of  saturation  the  pulling 
power  due  to  these  two  factors  is  probably  zero;  at  this  point  the  soil 
may  be  considered  to  be  passive.  Any  thermal  movement  of  water  that 
takes  place  at  or  near  the  point  of  saturation  is  to  be  attributed  to  the 
surface  tension  of  the  soil  water.  If  this  assumption  is  correct,  and  if 
the  percentage  of  moisture  moved  at  the  highest  moisture  contents  em- 
ployed, is  to  be  considered  as  a  measure  of  the  amount  of  thermal  trans- 
location due  to  surface  tension  of  water  alone,  it  will  be  found  that  the 
quantity  due  to  this  force,  is  very  small  indeed.  As  will  be  seen  from 
the  experimental  data,  the  percentage  of  moisture  moved  at  both  ampli- 
tudes of  temperature  is  reduced  to  an  insignificant  value  at  the  highest 
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The  foregoing  exposition  as  to  the  cause  and  mechanism  of  the  phe- 
nomena of  thermal  water  translocation,  will  probably  be  made  more  clear 
by  figure  3.  This  diagramatic  representation,  however,  by  no  means  pic- 
tures the  real  cause  and  mechanism,  absolutely  and  accurately,  but  it 
will  serve,  it  is  believed,  to  make  what  has  already  been  said  more  clear. 

Let  the  ordinate  represent  the  effective  pull  of  the  cold  column  of  soil, 
and  the  willingness  of  the  warm  column  of  soil  to  part  with  water,  at 


<0 


o 


4, 


FIG.  8.    CURVE  ILLUSTKATINQ  THE  CAUSE  AND  MECHANISM  OF  THE  THERMAL 
MOVEMENT  OF  WATER  IN  SOILS  OF  UNIFORM  MOISTURE  CONTENT. 

dififerent  moisture  content;  and  the  abscissa,  the  different  percentages 
of  water  contained  by  the  soil.  By  plotting  the  effective  pull  and  willing- 
ness against  the  moisture  content  it  will  be  seen  that  the  effective  pull 
decreases  and  the  willingness  increases,  with  rise  in  moisture  content. 
At  the  point  where  the  two  lines  cross  probably  occurs  the  maximum 
thermal  translocation  of  water.  After  this  point  of  intersection,  the 
willingness  of  the  warm  soil  to  give  up  water  is  large,  but  since  the  ef- 
fective pull  is  being  reduced  to  minimum,  the  water  is  not  moved.  If 
now  a  parabola  is  drawn  along  the  lines  WP  with  its  maximum  value  at 
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the  point  of  intersection,  then  this  theoretical  curve  agrees  almost  per- 
fectly with  the  real  one  in  figure  2. 

The  serious  fault  with  the  above  illustration  is  tliat  the  total  effective 
pull  tends  to  become  zero,  and,  theoretically,  this  should  not  be  the  case, 
because  while  the  pull  due  to  the  attractive  power  of  the  soil  for  water, 
and  to  the  curvature  of  the  capillary  films  will  ultimately  become  zero, 
the  pull  due  to  the  increased  sui-face  tension  of  the  soil  water  should 
not  become  zero,  but  should  remain  the  same  for  all  moisture  contents. 
Hence,  the  above  diagram  illustrates  more  correctly  only  the  thermal 
translocation  of  the  water  as  due  to  all  the  other  forces  except  to  the 
surface  tension  of  water. 

The  next  important  question  to  consider  is  the  mode  and  amount  of 
thermal  translocation  of  water  in  field  soils  as  suggested  by  the  fore- 
going laboratory  experimental  data.  Under  field  conditions  the  soil 
moisture  exists  practically  always  in  a  gi*adient  form.  As  the  water 
content  tends  to  decrease  upwards  from  the  water  level,  the  forces  due 
to  the  curvature  of  the  capillary  films,  and  to  the  attractive  power  of 
the  soil  for  water,  increase  correspondingly,  consequently  the  pull  is  up- 
ward. The  soil  temperature  also  exists  in  a  gradient  form,  but  this 
reverses  itself  diurnally  and  therefore  modifies  these  pulling  forces.  Dur- 
ing the  day  the  temperature  at  the  upper  depths  is  higher  than  that  be- 
low, the  attractive  and  adhesive  forces  of  the  soil  for  water,  and  the  sur- 
face tension  of  water,  are  decreased,  so  that  the  total  upward  effective 
pull  is  diminished  correspondingly.  Inasmuch  as  the  temperature  be- 
low is  less  than  that  above,  the  etfective  pull  due  only  to  the  increased 
attractive  and  adhesive  forces  of  the  soil  for  water  and  to  the  surface 
tension  of  the  soil  water,  should  occasion  a  downward  movement  of  mois- 
ture. Since,  however,  the  water  attractive  forces  of  the  soil  below  are 
more  satisfied  than  those  of  the  soil  above,  the  downward  pull,  due  only 
to  the  attraction,  adhesion  and  surface  tension  as  increased  by  a  lower 
temperature,  is  very  small  in  comparison  with  the  upward  pull.  Hence, 
during  the  day,  the  moisture  movement  is  upward.  During  the  night, 
nearly  all  of  the  above  forces  act  in  a  parallel  direction  and  favor  an  up- 
ward movement.  Hence,  the  thermal  movement  of  capillary  mmsture  in 
soils  is  always  tipimrd  and  never  downicard. 

The  extent  to  which  moisture  will  move  during  the  night  from  the 
warmer  soil  below  to  the  colder  soil  above  will  depend,  (1)  upon  the 
soil  temperature  gradient,  that  is,  upon  the  difference  in  temperature  of 
the  various  adjacent  depths,  and  (2)  upon  the  gradient  or  amount  of 
moisture  content  at  the  various  depths.  In  the  preceding  series  of  ex- 
l)eriments  the  temperature  amplitudes  of  20°  and  40°  C.  were  employed. 
In  nature,  however,  so  large  and  sharj)  variations  in  temperature  be- 
tween adjacent  depths  never  occur  during  the  night;  (they  do  occur, 
however,  at  the  upi)er  depths  between  day  and  night).  Soil  temperature 
investigations  which  are  being  conducted  at  this  Station  show  that  in 
the  early  morning  when  the  temperature  gradient  is  most  marked,  the 
temperature  of  the  bare  mineral  soils  increases,  sometimes  in  the  summer 
and  fall  at  the  average  rate  of  about  2^  or  :r  O.  for  each  inch  depth 
down  to  about  4  inches  and  then  this  rate  becomes  less.  In  cropped 
soils,  where  the  temperature  remains  more  constant,  this  rate  of  in- 
crease of  temperature  with  depth  is  still  less.  Hence,  the  amount  of 
thermal  translocation  of  iattcr  lhat  ivould  occur  durin^f  a  single  night 
irould  he  very  small.  On  the  other  hand,  the  maximum  thermal  trans- 
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location  of  water  obtained  in  the  preceding  series  of  experiments  was 
procured  from  column  of  soil  with  uniform  moisture  content.  As  will 
be  shown  subsequently  there  is  no  doubt  whatever,  but  that  this  maxi- 
mum thermal  translocation  of  water  in  the  various  soils  would  have  been 
far  greater  if  the  moisture  content  of  the  cold  column  of  soil  was  less 
than  that  of  the  warm  column  of  soil.  In  nature,  as  already  mentioned, 
the  moisture  exists  in  a  gradient  fonn  and  consequently  the  movement 
of  water  is  upward,  and  the  forces  of  the  factors  which  cause  this  up- 
ward movement  are  increased  during  the  night.  Hence,  uchile  the  amount 
of  thermal  translocation  of  imter  dtirin-g  a  single  night  in  hare  soiU 
under  field  conMtion^  may  not  he  a-s  great  as  th<it  ohtained  in  the  fore- 
going series  of  experiment s,  yet  it  will  he  quite  a/ppreoiahle ;  and  since 
the  process  is  repeated,  the  sum  of  xc-ater  translocation  of  all  the  nights 
during  the  vegetative  season,  uyill  prohahly  he  considerahle. 

The  moisture  content  at  which  the  maximum  thermal  translocation  of 
water  occurs,  or  what  has  been  designated  as  the  thermal  critical  mois- 
ture content,  is  very  significant  and  needs  further  consideration.  It 
would  be  of  very  great  interest  to  know,  for  instance,  what  the  thick- 
ness of  the  water  film  around  the  particles  is  at  this  degree  of  mois- 
ture. This  thickness  could  be  calculated  if  all  the  soil  grains  were  solid 
and  spherical.  The  particles  of  the  soils  use<l,  however, — and  these  are 
the  commoner  types  of  agricultural  soils — are  neither  spherical  nor  solid. 
Nearly  all  the  particles  in  agricultural  soils  can  be  said  to  be  irregular  in 
shape;  some  of  them  are  solid  and  enveloped  with  a  colloidal  coating; 
others  are  compound  aggregates  or  "crumbs-'  and  are  porous;  and  still 
others,  mainly  of  the  peat  nature,  are  of  a  sponge  structure,  and  are 
necessarily  porous.  The  particles  of  a  soil  or  soils  may  be  classified 
under  two  categories:  (1)  particles  which  are  solid  and  have  only  an 
external  surface,  and  (2)  particles  which  are  partly  or  wholly  porous 
and  possess  both  an  external  and  internal  surface.  In  the  case  of  the 
solid  and  cleaned  surface  particles,  the  water  film  is  spread  over  the 
surface,  but  in  the  case  of  the  solid  panicles  coated  with  colloids,  or 
the  mineral  fiocules  and  the  organic  particles,  the  film  of  water  en- 
velopes, theoretically,  their  whole  external  sui*face,  and  also  water  per- 
meates their  internal  surface.  The  single  solid  mineral  grains,  which 
may  compose  the  compound  particles,  may  be  cemented  together  in  a 
wfiy  analogous  to  that  found  in  a  piece  of  sandstone,  in  which  case  the 
water  exists  only  in  the  interstices  and  not  as  a  complete  film  around 
each  particle.  Furthermore,  whether  the  soil  grains  are  solid  or  spheri- 
cal, or  compound  and  porous,  the  water  film  is  not  uniform  in  thickness 
over  the  entire  inner  surface  of  the  soil  mass,  but  thickens  more  at  the 
capillary  angles  between  the  particles. 

In  view  of  these  considerations,  therefore,  it  was  considered  useless 
to  attempt  to  compute  the  thickness  of  the  film  as  many  investigators 
have  done.  Furthermore,  in  view  of  the  nature  of  the  soil  particles  as 
discussed  ahore,  it  dors  not  appear  strietly  propn-  to  define  the  capillary 
water  in  the  soil  as  many  writers  do  as  a  thin  film  overspreading  the  par- 
ticles and  thickened  into  a  waist  like  form  at  their  points  of  contact. 
Hence,  a  new  definition  of  ca])illary  water  is  needed. 

If  we  are  to  accept  the  theory  which  has  been  used  to  explain  the  fore- 
going phenomena  of  thermal  translocation  of  water  that  the  soil 
possesses  a  very  great  attraction  for  water,  that  this  attractive  force  is 
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different  for  various  soils,  that  it  decreases  with  a  rise  in  moisture  con- 
tent, and  that  it  is  completely  satisfied  at  a  rather  high  moisture  con- 
tent, then  our  present  views  concerning  the  movement  of  capillary  water 
in  moist  soils  needs  modification.  The  present  theory  regarding  the 
capillary  movement  of  w^ater  consists  of  an  analogy  from  the  rise  of 
water  in  capillary  tubes.  The  interstitial  spaces  of  a  soil  mass  are  con- 
sidered as  forming  channels  analogous  to  capillary  tubes,  and  are  often 
designated  as  bundles  of  capillary  tubes.  The  capillary  water  is  be- 
lieved to  exist  as  surface  films  around  the  particles,  and  as  capillary  films 
in  the  capillary  spaces  between  the  particles,  and  its  movement  is  said 
to  depend  entirely  upon  the  curvature  of  the  capillary  films.  When  a 
dry  soil,  for  instance,  is  well  moistened  and  brought  to  equilibrium,  the 
water  films  are  thick  and  the  curvature  of  the  capillary  films  small,  and 
there  will  be  no  further  capillary  attraction  of  water  if  this  soil  is 
brought  in  contact  with  water,  if  now  this  soil  is  allowed  to  dry  at 
the  top  the  surface  films  become  thinner  and  the  force  of  the  capillary 
films  increases  in  direct  ratio  with  their  degree  of  curvature,  hence,  there 
will  be  a  pull  of  water  from  the  thicker  surface  films  and  less  curved 
capillary  films  below,  towards  the  surface. 

It  is  obvious  that  this  theory  of  capillary  movement  of  water  attributes 
the  whole  cause  of  the  capillary  motion  of  water  in  a  moist  soil  to  the 
curvature  of  the  capillary  films  between  the  particles,  and  considers  the 
moist  soils  as  being  passive,  inactive,  and  exerting  no  influence  whatever 
upon  the  motion  of  water.  Indeed,  Briggs^^  and  Lapham  in  trying  to  ex- 
plain the  differences  in  capillary  action  in  dry  and  moist  soils,  make  the 
following  statement:  "In  a  moist  soil,  however,  we  have  quite  another 
condition.  A  film  of  the  liquid  covers  all  the  surfaces  of  the  soil  grains. 
Since  this  film,  once  established,  is  maintained  in  a  saturated  at- 
mosphere, it  follows  that  the  soil-air  and  solid-liquid  surfaces  forces  no 
longer  play  any  part  in  the  capillary  movement,  which  is  produced  en- 
tirely by  the  air-liquid  surface  force  and  is  opposed  only  by  the  weight  of 
the  liquid  column."  In  view  of  this  general  belief  Briggs,  as  well  as 
other  investigators,  has  tried  to  alter  the  properties  of  the  soil  water, 
by  increasing  its  surface  tension,  etc.,  with  the  object  in  view  of  increas- 
ing its  capillary  action. 

If  it  were  true  that  as  long  as  a  thin  film  of  water  is  maintained  in  a 
damp  or  slightly  moist  soil,  the  soil  material  itself  exerts  no  longer  any 
influence  upon  the  movement  of  capillary  water,  then  the  preceding 
theory  might  be  true.  But  we  have  seen  in  postulate  (1)  page  14,  that 
the  soils,  and  especially  those  rich  in  colloidal  material,  possess  a  very 
great  attractive  power  for  water,  that  this  attractive  power  is  satisfied 
only  at  a  rather  high  moisture  content,  that  as  long  as  it  is  not  satis- 
fied the  soils  will  continue  to  take  up  water,  and  that  they  hold  the 
water  with  a  force  of  great  magnitude.  In  view  of  the  comideraMons 
pi'esented  in  this  postulate  and  in  vieio  of  the  fact  that  the  preoediri'g 
thermal  movement  of  water  appears  to  he  largely  controlled  hy  the  at- 
irOfCtit^e  forces  of  the  soil  for  wiater,  it  seems  wrong  to  consider  the  soil 
material  in  moist  condition  as  a  static,  passive,  imieti/ve  and  irresponsive 
skeleton  upon  which  the  liquid  plays  its  role.  The  soil  material^  in 
moist  condition,  short  of  saturation,  is  dynami<*.  and  not  static  in  respect 
to  moisture  movement.   Hence,  the  capillary  movement  of  water  should 

"U.  S.  Dept  of  Agr.  Bureau  of  Soils  Bulletin  No.  19,  p.  28  (1902). 

Digitized  by  Google 


EFFECT  OF  TEMPERATURE  ON  SOILS. 


21 


not  he  attributed  entirely  to  the  forces  exerted  hy  the  curvature  of  the 
capillary  filmSy  hut  also  to  the  forces  exerted  hy  the  unsatisfied  attractive 
power  of  the  soil  for  water.  When  a  moist  soil,  therefore,  begins  to  lose 
water  at  the  surface  two  effects  are  produced:  (1)  the  attractive  forces 
of  the  soil  for  water  are  increased,  and  (2)  the  curvature  of  the  capillary 
films  is  increased,  both  of  these  effects  exert  a  pull  on  the  moist  soil  be- 
low and  tend  to  draw  water  to  the  surface.  Ab  to  which  one  of  these  two 
forces  exerts  the  greatest  pull,  it  is  impossible  to  say,  because  there  is 
no  way  of  measuring  them.  It  is  certain,  however,  that  the  force  re- 
sulting from  the  attractive  power  of  the  soil  for  water  must  be  very 
considerable,  and  probably  it  is  the  predominant  of  the  two. 

It  might  be  argued  that  the  preceding  phenomena  of  thermal  translo- 
cation of  water  could  be  explained  entirely  by  the  film  theory,  without 
having  to  resort  to  the  conception  of  the  attractive  forces  of  the  soil. 
Such  a  contention,  however,  cannot  be  maintained,  first  because  it  can- 
not be  conceived  that  the  tension  of  the  capillary  films  is  operative  and 
effective  at  such  high  moisture  contents  employed,  and  secondly,  because 
the  fact  remains  nevertheless  that  the  soil  exerts  a  pull  due  to  its  attrac- 
tive forces  for  water  as  has  been  abundantly  proved.  Furthermore,  if  it 
is  maintained  that  the  attractive  forces  of  the  soil  for  water  are  satis- 
fied as  soon  as  the  soil  is  merely  dampened,  then  why  should  the  soil 
hold  additional  large  amounts  of  water  with  such  a  great  force 
that  it  is  impossible  to  extract  it  with  mechanical  means?  It  seems 
reasonable,  therefore,  to  believe  that  if  the  soil  holds  large  amounts  of 
water  with  a  great  force,  it  should  attract  or  absorb  it  with  a  force  of 
equal  magnitude. 


MOVE3MENT  OP  MOISTURE!  PROM  MOIST  ANT)  WARM  COLUMN  TO  DRY  AND  COLD 
COLUMN  OF  SOIL  WITH  AN  AIR  SPACE  BETWDHN  TUB  TWO  COLUMNS. 

In  the  preceding  section  the  thermal  translocation  of  water  was  con- 
sidered as  occuring  as  water  film  phenomena.  There  is  still  another  way 
in  which  this  thermal  mobility  of  moisture  might  take  place,  this  is  by 
evaporization  and  condensation  of  soil  water  from  a  point  of  high  tem- 
perature to  a  point  of  low  temperature.  It  is  well  known  that  water 
undergoes  a  transformation  into  the  vapor  state  by  the  application  of 
heat,  and  the  quantity  of  liquid  vaporizied  increases  with  rise  in  tempera- 
ture. One  of  the  remarkable  characteristics  of  aqueous  vapor  is  its 
sensitiveness  to  heat,  changing  from  gaseous  to  liquid  state  and  vice 
versa  with  very  small  variations  in  temperature.  As  an  excellent  para- 
digm of  this  latter  fact  may  be  cited  the  relative  humidity  of  the  air  at 
different  temperatures. 

Since  the  temperature  gradient  of  the  soil  reverses  itself  during  the 
night,  that  is,  it  increases  with  depth,  it  is  believed  that  there  is  a  rising 
of  vapor  or  moist  air  from  the  warmer  soil  below  to  the  colder  soil  above 
where  the  moisture  is  condensed.  As  a  manifest  proof  of  this  theory 
the  morning  dew  is  cited.  It  is  concluded,  therefore,  that  a  large  part 
of  the  water  movement  in  soils  is  due  to  this  process. 
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There  appear  to  exist  no  direct  experimental  data  as  to  whether  or  not 
there  really  is  a  translocation  of  moisture  in  soil  at  night,  due  to  upward 
movement  of  the  moist  warm  air,  and  the  condensation  of  its  moisture  at 
the  cold  soil  above.  Practically  all  our  present  knowledge  upon  the  sub- 
ject consists  of  theoretical  deductions  and  from  practical  observations. 

With  the  object  of  obtaining  experimental  evidence  upon  the  subject 
the  following  investigation  was  performed:  Into  brass  tubes  8  inches 
long  and  1^4  inches  in  diameter  was  placed  moist  soil  at  one  end  and  dry 
soil  at  the  other,  and  the  two  columns  separated  by  an  air  space.  This 
air  space  was  ^4  inch  in  height  and  li/^  inches  in  diameter  and  was  pro- 
duced by  placing  between  the  two  columns  of  soil  a  ring  of  cork  the  two 
sides  of  which  were  closed  with  wire  gauze  which  acted  as  supports  of 
the  two  soils  and  prevented  their  particles  from  coming  in  contact.  The 
tubes  were  then  placed  horizontally  in  the  boxes  shown  in  figure  1.  That 
part  of  the  tubes  which  contained  the  moist  soil  was  kept  at  20°  and  40° 
C.,.  and  the  part  which  contained  the  dry  soil  was  maintained  at  0°  C. 
Tlie  experiment  was  allowed  to  run  about  8  hours.  If  during  this  period 
the  dry  and  cold  soil  gained  any  moisture  it  obtained  it  by  the  condensa- 
tion of  vapor  which  was  produced  at  the  warm  and  moist  soil.  Since  the 
dry  soil  possesses  a  high  absorbtive  power  for  water  it  was  assumed  that 
it  abstracted  the  vapor  from  the  air  space  and  that  this  air  space  was 
thus  prevented  from  attaining  an  equilibrium.  There  were  five  different 
classes  of  soils  used,  quartz  sand,  Miami  light  sandy  loam,  Miami  silt 
loam,  Clyde  silt  loam,  and  Miami  clay.  The  moisture  contents  employed 
for  each  soil  were  three  low,  medium,  and  high.  The  results  obtained 
are  presented  in  table  3.  The  percentage  of  moisture  moved  from  the  warm 
and  moist  column  of  soil  to  the  cold  and  dry  column  of  soil  represents 
the  difference  between  the  percentages  of  moisture  found  in  the  dry  soil 
at  the  beginning  and  end  of  the  experiment. 

TABLE  3.— PERCENTAGE  OF  MOISTURE  MOVED  FROM  WARM  AND  MOIST  COLUMN 
OF  SOIL  TO  COLD  AND  DRY  COLUMN  OF  SOIL  WITH  AN  AIR  SPACE  BETWEEN  THE 
TWO  COLUMNS. 


Kind  and  temperature  of  soil. 


Percentage  of  moisture. 


Quartz  sand: 


Sandy  loam : 

Moisture  In  moist  column  

Movement  from  moist  column  at  20°C.,  to  dry  column  at  O^C. 
Movement  from  moist  column  at  40°C.,  to  dry  column  at  0**C. 

Silt  loam : 


C/lyde  silt  loam: 


Movement  from  moist  column  at  40*'C.', 


Clay: 

_  _  ^  ,  Moisture  in  moist  column  

Movement  from  moist  column  at  20°C.,  to  dry  column  at  0*C   w.^. 

Movement  from  moist  column  at  40*C.,  to  dry  column  at  0«C  I  0.18 


2.90 
0.061 
0.286 

6.83 

0.046 

0.280 

13.52 
0.048 
0.294 

7.23 

0.0238 

0.211 

10.27 

0.0313 

0.253 

15.82 

0.0246 

0.223 

9.16 

0.024 

0.278 

14.52 
0.033 
0.273 

16.40 

0.0273 

0.288 

9.85 

0.028 

0.16 

16.51 
0.031 
0.22 

23.39 
0.040 
0.28 

10.77 
0.08 
1  0.18 

15.36 

0.06 

0.36 

20.35 

0.09 

0.26 
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The  above  results  show  the  most  sui'prising  fact  that  the  amount  of- 
moisture  moved  from  the  moist  and  warm  column  of  soil  to  the  dry  and 
cold  column  of  soil  by  vapor  is  very  insignificant  indeed.  It  will  be 
seen  that  at  tlie  temperature  amplitude  of  40°  C.  the  quantity  of  moisture 
moved  is  only  about  0.25%,  and  at  the  amplitude  of  20°  C.  the  value  is 
only  about  0.035%.  In  comparison  with  the  results  of  table  2  where  it 
is  shown  that  the  maximum  thermal  movement  of  water  at  the  thermal 
critical  moisture  content,  when  the  soil  mass  is  continuous,  runs  as  high 
as  3.68%  in  some  cases,  then  the  above  values,  due  only  to  vapor  move- 
ment and  condensation,  are  extremely  insignificant. 

Fram  these  results  then  it  is  safe  to  conclude  that  the  thermal  'move- 
ment of  mmsture  due  to  distillation  is  practically  negligihU,  even  at  such 
high  amplitudes  of  temperature  of  20°  and  jiO°  C,  ivhich  neve?'  exi^t  dur- 
ing the  night  at  the  different  adjacent  depths  in  the  soil^  fvor  during  such 
a  lotig  continuous  period  as  8  Ivours,  This  conclusion  is  indirectly  sub- 
stantiated by  the  studies  of  Buckingham^*  on  the  loss  of  soil  moisture  by 
direct  evaporation  from  points  below  the  surface.  By  exposing  a  surface 
of  water  or  moist  soil  to  evaporation  into  a  confined  space  which  was  in 
communication  with  the  outside  air  through  a  column  of  soil,  Bucking- 
ham found  that  the  actual  mean  rate  of  loss  of  water  through  diffusion  of 
water  vapor  through  soils  in  still  air,  was  verv'  small. 

Another  noteworthy  fact  to  be  noticed  in  the  foregoing  experimental 
data  is  that  the  amount  of  distillation  from  moist  and  warm  to  the  dry 
and  cold  column  of  soil  is  the  same  for  all  moisture  contents.  This  might 
have  been  anticipated  since  the  amount  of  water  vaporized  depends 
principally  upon  the  temperature  and  is  not  governed  by  the  amount 
of  water  present.  Oil  the  other  hand,  if  the  amount  of  water  present  in 
the  soil  is  extremely  small,  the  water  is  held  by  the  soil  grains  with  an 
attraction  of  great  magnitude,  causing  a  lowering  of  the  vapor  pressure 
of  the  absorbed  water  film  and  thereby  producing  a  diminution  in  the 
rate  of  evaporation.  Perhaps  the  water  contained  in  the  soil  with  the 
lowest  moisture  content  was  above  the  ]K)int  where  this  lowering  of 
vapor  pressure  occurs,  and  consequently  the  partial  pressure  of  the  vapor 
in  the  air  space  in  this  soil  was  the  same  as  in  the  air  space  of  the  soil 
with  the  greater  moisture  contents.  Furthermore,  the  values  are  so  small 
as  to  be  within  the  experimental  error,  and  the  method  of  moisture  de- 
termination may  not  be  sufficiently  sensitive  and  accurate  to  show  any 
decreased  evaporation  by  the  soils  with  the  lowest  moisture  content. 

In  undertaking  and  performing  the  foregoing  series  of  experiments 
it  was  taken  for  granted  that  there  really  is  an  upward  movement  of 
moist  air  during  the  night  from  the  warmer  soil  below  to  the  colder  soil 
at  the  surface,  where  its  vapor  is  condensed.  This  theory  seems  to  be 
now  very  widely  accepted  as  already  stated.  The  formation  of  the  dew 
is  attributed  by  many  writers  almost  entirely  to  this  thermal  movement 

of  vapor.    Thus,  in  discussing  the  subject  Hilgard^^  states  "dew 

is  formed  from  vapor  rising  from  the  warmer  soil  into  a  colder  at- 
mosphere, and  condensed  on  the  most  strongly  heat-radiating  surfaces 
near  the  ground,  such  as  grass,  leaves  both  green  and  dry',  wood  and 
other  objects  first  encountering  the  rising  vapor."  Farther  on  he  says: 
"The  fact  that  dew  is  most  commonly  derived  from  the  soil  could  have 
been  foreseen  from  the  other  fact,  long  ascertained  and  known,  that  dur- 
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•ing  the  night  the  soil  is  as  a  rule  warmer  than  the  air  above/'  Other 
writers,  such  as  Ramann^*,  etc.,  claim  in  substance  the  identical  belief. 

But  really,  is  there  a  rising  of  vapor  or  warm  moist  air  from  the 
warm  soil  below  to  the  cold  soil  above?  And  is  the  source  of 
water  of  the  dew  due  to  this  soil  vapor?  During  the  day  the  soil 
receives  its  heat  at  the  upper  surface  and  its  temperature 
rises.  The  heat  is  conducted  downward  and  the  temperature  of  the 
various  depths  of  the  soil  increases  correspondingly.  The  temperature 
at  the  surface  continues  to  rise  until  a  maximum  is  reached  and  then 
commences  to  decrease.  As  the  temperature  rises  and  moves  downward 
the  soil  air  expands,  and  as  the  volume  of  the  pore  space  remains  con- 
stant, it  is  expelled  into  the  atmosphere.  The  pressure  of  the  soil  air 
at  the  different  depths  tends  to  be  the  same  at  any  one  time  and  equal  to 
the  atmospheric  pressure,  provided  the  communications  are  ideal.  When 
the  temperature  at  the  surface  soil  is  at  maximum  it  is  generally  many 
degrees  higher  than  that  of  the  air  above,  amounting  sometimes' to  30® 
C.  In  fact  the  air  temperature  decreases,  in  calm  and  clear  weather, 
with  increase  in  height  at  the  adiabatic  rate  of  approximately  0.9°  C. 
per  300  feet.  When  the  temperature  of  the  surface  soil  and  of  the  air 
is  highest  the  atmospheric  pressure  also  tends  to  be  at  its  minimum,  so 
that  the  air  escapes  from  the  soil  with  greater  facility.  After  the  sur- 
face soil  attains  its  maximum  temperature  and  then  begins  to  cool,  its 
air  contracts,  tends  to  produce  a  partial  vacuum,  and  consequently 
draws  air  from  the  atmosphere,  so  its  pressure  will  be  in  equilibrium 
with  that  of  the  latter.  The  fall  of  temperature  is  also  conducted  down- 
ward, and  proceeds  as  a  wave,  and  as  it  descends  it  causes  a  diminution 
in  volume  at  the  corresponding  depths,  and  therefore  produces  an  in- 
ward flow  of  air.  This  cold  wave,  however,  is  preceded  by  the  maximum 
temperature  wave  which,  as  it  proceeds  downward,  causes  a  further  ex- 
pansion of  air,  which  goes  to  make  up  for  the  decreased  volume  of  air 
caused  by  the  cold  wave  following  immediately  after.  The  difference  in 
temperature,  however,  of  the  soil  at  any  depth  immediately  before  and 
after  the  maximum  temperature  wave  is  reached  is  very  small,  as  ex- 
periments at  this  Station  show,  and  consequently  the  expansion  and  ex- 
pulsion of  air  caused  by  the  downward  march  of  the  maximum  tempera- 
ture wave  is  not  very  appreciable.  Hence,  as  the  cold  wave  proceeds  down- 
ward and  produces  a  decrease  in  volume  of  the  soil  air,  the  air  that 
comes  to  make  up  for  this  decrease,  so  that  an  equilibrium  of  pressure 
will  exist,  is  mainly  from  the  outside  atmosphere.  After  a  certain  depth 
is  reached  the  maximum  temperature  wave  entirely  disappears,  and  there 
is  no  more  upward  expulsion  or  movement  of  air.  From  now  on,  as  the 
temperature  of  the  soil  is  further  decreased  and  the  volume  of  its  air 
is  diminished  correspondingly,  the  current  of  flow  of  air  into  the  soil  is 
entirely  from  the  outside  atmosphere.  This  downward  flow  of  air  will 
continue  until  the  soil  temperature  begins  to  rise  again  and  the  cycle  re- 
commences. W^hen  the  minimum  temperature  of  the  surface  soil  is 
reached,  it  is  as  a  rule,  about  the  same  or  slightly  higher,  than  that  of 
the  air  immediately  above.  The  temperature  of  the  air  at  about  this 
period  increases  with  the  height,  in  the  same  manner  as  the  tempera- 
ture of  the  soil  increases  with  depth,  which  is  just  the  opposite  from 
what  it  is  during  the  day.    This  increase  instead  of  decrease  of  a 

^^Bodenkunde,  p.  882  (1911). 
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temperature  at  night  with  rise  in  elevation  is  called  surface  temperature 
inversion.  At  this  minimum  temperature  the  atmospheric  pressure  ap- 
proaches its  maximum,  and  the  inward  flow  of  air  is  thereby  facilitated. 

All  the  foregoing  facta  lead  to  the  enunciation  of  a  general  law  that 
during  the  do/y,  as  the  temperature  rises,  the  soil  air  tends  to  flow  out- 
ioard  into  the  atmosphere y  and  during  the  nAght,  as  the  temperature 
falls,  air  from  the  atmosphere  tends  to  flo^o  inward  into  the  soil.  This 
law  diametrically  opposes  the  prevalent  theory  that  during  the  night 
there  is  an  upward  movement  of  moist  warm  air.  The  above  law,  how- 
ever, seems  to  be  borne  out  by  logic  and  appears  to  be  confirmed  by  ex- 
perimental evidence  subsequently  to  be  presented.  The  prevalent  theory, 
however,  seems  unreasonable.  For  instance,  if  it  is  admitted,  which  it 
must  be,  that  the  soil  air  escapes  into  the  atmosphere  during  the  day  as 
the  temperature  rises,  then  where  and  when  does  the  soil  obtain  its  air 
if  it  continues  to  give  up  air  even  during  the  night?  It  might  be  argued 
that  it  is  vapor  that  is  rising  to  the  surface  and  not  air.  That  is  incon- 
ceivable in  the  present  case.  It  is  true  that  distillation  would  occur  if 
the  amplitude  of  temperature  were  appreciable  and  constant,  but  it  has 
been  shown  that  the  temperature  of  the  whole  column  of  soil  decreases 
constantly,  and  that  an  air  current  from  the  cold  atmosphere  is  drawn 
inward  which  tends  to  encounter  and  oppose  any  upward  movement  of 
vapor  rising  from  any  difference  in  temperature.  Moreover,  granting 
for  sake  of  argument  that  there  is  a  vapor  rising  from  the  warmer  soil 
to  the  colder  soil  at  the  surface,  the  amount  would  be  extremely  small 
to  account  for  the  great  quantity  of  dew  commonly  note<l,  because  the 
temperature  amplitudes  of  the  soil  at  different  depths  at  night  are  never 
very  great.  In  fact,  during  the  spring  months  as  the  temperature  of 
the  lower  depths  continually  rises  and  the  trend  of  the  air  temperature 
is  upward,  the  range  of  temperature  between  the  surface  and  the  lower 
depths  say  4  inches,  is  small,  usually  amounting  only  to  about  2  or  3°  C. 
The  greatest  differences  in  temperature  at  the  different  depths  in  the 
morning  occur  in  the  fall  when  the  trend  of  the  air  temperature  is  down- 
ward and  the  surface  soil  temperature  continually  falls.  At  this  time 
the  variation  in  temperature  between  the  surface  and  six  inches  of  the 
mineral  soils  may  be  as  high  as  8°  C.  but  the  variation  between  adjacent 
depths  is  only  from  about  0.5°  to  2°  C. 

The  tmth  of  the  matter,  however,  seems  to  he  that  vivstead  of  vapor 
rising  from  the  warmer  soil  below  to  the  colder  soil  at  the  surface,  vapor 
enters  the  soil  from  the  atmosphere.  This  is  a  natural  conclusion  from 
the  law  enunciated  that  during  the  day  air  is  exhaled  from  the  soil  and 
during  the  night  air  is  inhaled  from  the  atmosphere.  The  amount  of 
moisture  that  will  thus  enter  the  soil  will  depend  upon  the  quantity  of 
air  inhaled  and  upon  its  absolute  humidity,  but  as  will  be  seen  subse- 
quently it  is  extremely  small.  The  water  may  be  abstracted  by  the  dry 
8oil  at  the  surface  as  the  air  is  drawn  in  or  it  may  enter  unaffected. 
Thus,  it  is  possible  that  the  moisture  lost  by  the  soil  during  the  day  by 
the  expulsion  of  its  moist  air  is  partly,  if  not  wholly,  regained  at  night. 

What  is  then  the  source  of  water  of  the  dew?  The  greatest  part  of 
it  comes  from  the  lower  layer  of  the  atmosphere  itself  by  condensation. 
Some  of  it  comes  from  the  leaves  of  trees  and  plants.  And  a  certain 
amount  comes  from  the  soil  by  capillary  and  thermal  capillary  action 
as  set  forth  previously. 

According  to  the  foregoing  consideration,  thereforg  thj 
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"dew  is  formed  from  the  vapor  rising  from  tbe  warmer  soil  into  a  colder 
atmosphere"  is  wrong,  and  those  who  proposed  and  adhere  to  this  theory 
seem  to  be  laboring  under  misapprehension  of  facts. 

MOVEiMEJNT  OF  MOISTURE  FROM  MOIST  AND  W'ARM  COLUMN  TO  DRY  AND  COLD  ^ 
COLUMN  OF  SOIL,  AND  FROM  MOIST  AND  COLD  COLUMN  TO 
DRY  AND  WARM  COLUMN  OF  SOIL. 

The  soil  moisture  under  field  conditions  exists  during  the  warm  period 
of  the  year,  nearly  always  in  a  gradient  form.  During  a  long  drought 
the  upper  surface  even  dries  out,  either  by  its  own  accord  or  aided  by 
artificial  means.  This  layer  of  dry  soil  formed  at  the  surface  is  known 
as  mulch.  To  this  mulch  is  ascribed  the  important  function  of  consent- 
ing the  moisture  in  the  soil  by  its  ability  to  reduce  evaporation  of  water 
at  the  surface.  It  accomplishes  this  conservation  of  moisture,  it  is 
claimed,  by  producing  a  change  or  break  in  the  capillary  connections  be- 
tween itself  and  the  moist  soil  below. 

Since,  on  account  of  the  kinetic  energy,  the  absorptive  and  adhesive 
forces  of  the  solid  substances  decrease  with  rise  in  temperature,  the  inter- 
esting question  arose  whether  the  dry  mulch  with  an  excessively  high 
temperature  would  absorb  moisture  from  a  moist  soil  with  low^  tempera- 
ture, even  when  the  capillary  connections  were  ideal.  The  desire  to 
secure  information  u]>on  this  important  and  exceedingly  interesting 
point  led  to  the  execution  of  the  following  experiments:  Brass  tubes  de- 
scribed in  the  preceding  sections,  were  filled  one-half  with  dry  soil  and 
the  other  half  with  moist  soil,  and  the  two  columns  were  separated  only 
by  a  circular  piece  of  cheese-cloth  in  order  to  facilitate  separation  of 
the  two  columns  for  moisture  movement  determinations.  The  tubes  were 
then  inserted  in  the  boxes  shown  in  figure  1,  and  that  portion  of  the 
tubes  containing  the  moist  soil  was  kept  at  20°  and  40°  C,  and  that 
part  which  held  the  dry  soil  was  maintained  at  0°  C.  In  another  set  of 
tubes  these  temperatures  were  revenged.  The  soils  employed  were  the 
same  as  those  oreviously  described,  namely :  quartz  sand,  light  and  heavy 
Miami  sandy  loam,  Miami  silt  loam,  Clyde  silt  loam  and  Miami  clay. 
There  were  three  different  moisture  contents  used  for  each  soil,  desig- 
nated as,  low,  medium,  and  high.  The  duration  of  all  experiments  was 
about  8  hours.  The  numerical  data  obtained  are  shown  in  table  4  below. 
The  accompanying  figure  3  represents  these  same  data  graphically.  Each 
soil  has  two  charts,  the  one  to  the  left  is  for  the  temperature  amplitude 
of  40''  (\,  and  the  one  to  the  right  is  for  the  temperature  range  of  20°  C 
The  abscissas,  in  every  case,  represent  percentage  of  moisture  content,  and 
the  ordinates,  percentage  of  water  moved  either  from  the  moist  and  warm 
column  to  the  dry  and  cold  column  of  soil,  or  from  the  moist  and  cold  ^ 
column  to  the  dry  and  warm  column  of  soil.  The  upper  curves  of  each 
chart  represent  the  percentage  of  water  movement  that  took  place  from 
the  moist  and  wann  soil  to  the  dry  and  cold  soil,  and  the  lower  curves 
show  the  movement  of  water  that  occurred  from  the  moist  and  cold  soil 
to  the  dry  and  warm  soil.  As  in  the  preceding  case,  the  percentage  of  mois- 
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ture  moved  is  based  upon  the  difference  in  percentages  of  moisture  con- 
tained in  the  dry  soil  at  the  beginning  and  end  of  the  experiment. 


TABLE  4.— PERCENTAGE  OF  MOISTURE  MOVED  FROM  MOIST  AND  WARM  COLUMN 
OF  SOIL  TO  DRY  AND  COLD  COLUMN  OF  SOIL.  AND  FROM  MOIST  AND  COLD 
COLUMN  OF  SOIL  TO  DRY  AND  WARM  COLUMN  OF  SOIL. 


Moiflture  in  moist  column  of  soil   

1.85 

5.30 

8.75 

Quartz 
sand. 

Movement  from  moist  column  at  20<*C.,  to  dry  column  at  0**C 
Movement  from  moist  column  at  0°C.,  to  dry  column  at  20°C 
Movement  from  moist  column  at  40'^C.,  to  dry  column  at  O^C 
Movement  from  moist  column  at  O^C,  to  dry  column  at  40°C 

0  0746 
0^0105 
0.2048 
0.0121 

0  0879 
0!02131 
0.2210 
0.0160 

0  1129 
o! 03912 
0.2376 
0.01522 

6.497 

10.141 

14.17 

Light 
sandy 
loam. 

Movement  from  moist  column  at  20°C.,  to  dry  column  at  0°C 
Movement  from  moist  column  at  0°C.,  to  dry  column  at  20°C 
Movement  from  moist  column  at  40°C..  to  dry  column  at  0**C 
Movement  from  moist  column  at  0°C.,  to  dry  column  at  40°C 

0  345 
0!061 
0.779 
0.000 

0  550 
0!l63 
1.18 
0.08 

0  820 
0!448 
1.496 
0.235 

Moisture  in  moist  column  of  soil  

9.906 

12.30 

14.696 

Heavy 
sandy 
loam. 

Movement  from  moist  column  at  20*C.,  to  dry  column  at  0*»C 
Movement  from  moist  column  at  0*>C.,  to  dry  column  at  20°C 
Movement  from  moist  column  at  40*C.,  to  dry  column  at  0<»C 
Movement  from  moist  column  at  0°C.,  to  dry  column  at  40''C 

0  592 
0!215 
0.937 
0.168 

0 

0!211 
1.094 
0.169 

0  863 
0!445 
1.309 
0.150 

Moisture  in  moist  column  of  soil  

10.89 

17.88 

18.67 

sat 

loam. 

Movement  from  moist  column  at  20'»C.,  to  dry  column  at  0*»C 
Movement  from  moist  column  at  O^C.  to  dry  column  at  20°C 
Movement  from  moist  column  at  40°C.,  to  dry  column  at  O^C 
.  Movement  from  moist  column  at  O^C,  to  dry  column  at  40°C 

0.687 
0.411 
1.413 
0.347 

0,844 
0.461 
1.942 
0.445 

0.989 
0.629 
2.038 
0.438 

Moisture  in  moist  column  of  soil   

15.349 

25.086 

36.18 

Clyde 

silt 

loam. 

Movement  from  moist  column  at  20^C.,  to  dry  column  at  O^C 
Movement  from  moist  column  at  CC.  to  dry  column  at  20°C 
Movement  from  moist  column  at  40°C.,  to  dry  column  at  0°C 
Movement  from  moist  column  at  0®C.,  to  dry  column  at  40°C 

0.429 
0.100 
0.814 
0.042 

0.662 
0.606 
1.554 
0.594 

0.962 
0.900 
2.046 
0.852 

Moisture  in  moist  column  of  soil     

17.05 

21.88 

23.29 

Clay. 

Movement  from  moist  column  at  20°C..  to  dry  column  at  0°C 
Movement  from  moist  column  at  0°C.,  to  dry  column  at  20°C 
Movement  from  moist  column  at  40°C.,  to  dry  column  at  0°C 
Movement  from  moist  column  at  0°C..  to  dry  column  at  40°C 

0.514 
0.436 
1.180 
0.380 

0.653 
0.502 
1.482 
0.850 

0.923 
0.796 
1 . 552 
0.873 

Percentage  of  moisture. 
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Considering  first  the  numerical  values  showing  the  amount  of  water 
moved  from  the  moist  and  warm  column  of  soil  to  the  dry  and  cold  col- 
umn of  soil,  which  are  graphically  represented  by  the  upper  curve  of 
each  chart,  it  will  be  seen  (1)  that  this  amount  is  nearly  twice  as  great 
in  the  temperature  amplitude  of  40°  as  in  20°  C,  (2)  that  it  is  some- 
what greater  in  soils  with  higher  than  with  lower  colloidal  content, 
and  (3)  that  it  increases  with  the  rise  in  moisture  content. 

By  comparing  these  results  with  those  obtained  with  column  of  soils 
of  uniform  moisture  content,  some  very  striking  contrasts  are  revealed. 
The  previous  results  show,  for  instance,  that  the  maximum  tiiermal  mo- 
tion of  water  occurs  at  a  definite  but  comparatively  low  moisture  con- 
tent, and  that  the  value  amounts  in  some  cases  over  3.50  per  cent.  The 
above  data,  show,  however,  that  the  maximum  movement  of  water  from 
the  moist  and  warm  column  to  the  dry  and  cold  column  of  soil,  takes 
place  at  the  highest  water  content,  and  that  in  the  majority  of  cases  the 
percentage  of  this  maximum  water  translocation  is  only  one-half  as  great 
as  in  the  former  case. 

These  apparent  differences  seem  to  be  easily  explainable.  The  increase 
of  water  movement  from  moist  and  warm  soil  to  dry  and  cold  soil  with 
rise  in  water  content  is  natural,  and  only  goes  to  prove  that  the  water 
is  held  by  the  soil  with  low  moisture  content,  with  a  great  force,  and 
consequently  it  cannot  be  extracted  readily  and  extensively  by  a  greater 
abstracting  force.  When  the  attractive  forces  of  the  soil  for  water  are 
satisfied,  and  the  thickness  of  the  surface  and  capillary  films  is  increased, 
then  greater  quantities  of  water  will  be  removed  by  the  same  abstracting 
force.   The  smaller  thermal  water  movement  which  pCKicur^  (j^ftS^^®* 
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aud  dry  soil  than  in  the  soil  of  unifonn  moisture  content,  is  due  mainly 
to  the  cheese-cloth  which  is  placed  between  the  dry  and  moist  columnrf 
of  soil.  Although  this  cheese-cloth  was  very  thin  and  had  large  perfora- 
tions, yet  it  prevented  the  two  columns  from  forming  a  complete  and  per- 
fect contact,  and  consequently  the  dry  soil  had  to  absorb  water  directly 
through  the  cheese-cloth,  as  well  as  from  the  soil. 

Another  factor  which  would  seem  to  impede  the  rate  of  water  move- 
ment from  moist  and  warm  to  dry  and  cold  column  of  soil  is  the  resist- 
ance which  the  dry  soils  offer  to  wetting,  due  to  the  air  film  surround- 
ing the  particles  and  to  any  oily  substance  that  might  be  present.  The 
influence  of  this  factor,  however,  must  be  extremely  small,  if  any,  he- 
c  iuse  when  these  soils  were  slightly  damped  the  amount  of  water  moved 
was  generally  less  or  about  the  same  as  before.  The  common  helief  thut 
irater  moves  more  rapid  J  y  in  damp  than  in  dry  mils  w  generally  exagg^'at- 
ed.  When  a  soil  is  d<tmi)ed  to  eliminate  the  factor  of  resistance  to  tcet- 
ting  its  ahsorptive  power  for  watei'  is  decreased  correspond i7i{;ly  so  th/it 
one  factor  tends  to  count erhalxtnce  the  other,  and  at  the  end  the  results 
are  about  the  same.  Moreover  the  soils  which  stubbornly  msist  wetting 
are  not  very  common. 

From  the  practical  standpoint  the  results  of  the  second  part  of  the 
present  investigation  are  probably  far  more  important  than  those  of  the 
first  part  just  disscussefl.  These  results  show  the  remarkable  fact  that 
when  the  dry  soil  is  kept  at  20°  and  J/O''  C.  and  the  moi<st  soil  at  0° 
C,  the  dry  soil  takes  up  very  little  if  any,  water  from  the  moist  soil,  and 
that  this  quantity  of  tmter,  absorbed  decreases  with  Hse  in  temperature. 
As  will  be  seen  from  the  figures  the  percentage  of  moisture  absorbed  by 
the  drv'  soil  at  20°  C,  is  in  all  cases  greater  than  that  absorbed  at  40° 
0.  At  both  amplitudes  of  temperature,  the  percentage  taken  up  increases 
with  the  colloidal  content  in  the  soil,  whicli  is  natural. 

Obviously  then,  the  temperature  has  a  tremendous  influence  upon  the 
absorptive  power  of  soils  for  water.  This  is  what  might  be  expected  from 
the  laws  of  kinetic  energy.  According  to  this  haw  the  energy  or  motion 
of  the  molecules  increases  with  temperature,  and  consequently  the  ad- 
hesive and  absorptive  forces  of  the  solid  matter  for  liquids  or  gasef=»,  de 
creases.  These  results  then,  tend  to  confirm  postulate  2  page  14  that 
the  attractive  forces  of  the  soil  for  water  decrease  with  rise  in  tempera- 
ture. 

The  foregoing  experimental  results  ami  theoretical  consideration  »ug- 
gest  very  strongly  that  the  efficiency  of  the  soil  mulches  in  conserving 
moisture  in  the  soil  is  not  dependent  solely  upon  their  thickness  and  de- 
gree of  capillary  discontinuity  between  themselves  and  the  moist  soil 
below,  but  also  upon  their  temperature.  It  is  well  known  that  the  tem- 
perature of  the  surface  soils  during  sun  insolation  is  many  degrees  higher 
than  that  of  the  air  immediately  al)Ove.  In  some  parts  of  the  world, 
where  the  sky  is  clear  and  the  sun  insolation  very  intense,  the  surface 
soil  may  attain  a  temperature  about  40''  O.  higher  than  that  of  the  air 
about  4  feet  from  the  ground.  Even  at  this  Station  the  surface  soil 
temperature  of  the  mineral  soils  and  especially  of  the  light  sandy  soils, 
is  very  often  approximately  15°  C.  higher  than  that  of  the  air  above. 
From  the  surface  downward  the  soil  temperature  decreases,  but  in  the 
upper  1  or  2  inches  the  diminution  is  far  more  rapid  than  at  the  lower 
depths,  amounting  sometimes,  and  in  certain  soils,  over  10°  C.  for  each 
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inch  depth.  When  the  surface  soil  is  disturbed  and  a  mulch  is  formed 
its  heat  conductivity  is  decreased,  and  the  high  temperature  attained  at 
the  surface  is  not  all  conducted  downward  but  is  compelled  to  accumu- 
late on  the  dry  mulch  and  then  is  radiated  back  into  space.  The  dif- 
ference in  temperature  betw^n  the  mulch  and  the  moist  soil  below  is 
sometimes  as  high  as  10°  C.  at  this  Station.  At  the  arid  regions  this 
difference  must  be  far  greater.  This  excessively  greater  temperature  of 
the  dry  mulch  diminishes  the  adhesive  and  absorptive  forces  of  the  dry 
soil  so  that  its  capacity  and  intensity  to  withdraw  water  from  the  moist 
soil  below  are  either  entirely  prohibited  or  greatly  reduced.  The  result 
is  that  the  water  is  saved  from  direct  evaporation.  On  the  other  hand, 
during  the  night  the  soil  temperature  reverses  itself  and  becomes  lowest 
at  the  surface  and  increases  with  the  depth,  but  its  difference  between 
the  mulch  and  moist  soil  is  generally  not  as  great  during  night  as  during 
the  sun  insolation.  Since  the  attractive  and  adhesive  force  of  the  dry 
soil  and  the  surface  tension  of  the  soil  water  are  increased  by  the  low 
temperature,  the  tendency  of  the  soil  moisture  is  to  move  upwards  very 
energetically.  To  what  extent  this  movement  occurs  cannot  be  stated 
with  certainty  because  the  moisture,  not  very  far  below  the  mulch,  is 
held  with  a  great  force  and  is  given  up  with  great  reluctancy,  unless 
moisture  moves  from  further  depth  below  and  satisfies  the  absorptive 
power,  and  thickens  the  surface  and  capillary  filpas. 

Furthermore,  the  amount  of  water  moved  will  depend  upon  the  tem- 
perature gradient,  that  is,  upon  the  range  of  temperature  between  the 
surface  and  lower  depths.  As  already  stated,  this  temperature  gradient 
at  night  between  adjacent  depths  is  always  small  but  is  most  marked 
during  the  summer  and  fall  and  least  during  the  spring.  Any  water, 
however,  that  the  mulch  pulls  up  during  the  night  is  certain  of  being 
evaporated  during  the  day.  May  it  not  he  then  that  an  appreciable 
amount  of  water  is  lost  from  the  soil  in  this  manner? 

Temperature  not  only  tends  to  conserve  moisture  in  the  soil  after  the 
mulch  is  formed  but  also  aids  and  hastens  the  formation  of  this  mulch. 
It  has  been  seen  that  as  the  temperature  of  the  moist  soil  at  the  upper 
depth  increases  the  surface  tension  of  the  soil  water  and  the  adhesive 
and  absorptive  forces  of  the  soil,  decrease.  The  upward  pulling  force, 
therefore,  is  diminished,  and  the  water  is  not  brought  up  with  sufficient 
rapidity  to  keep  the  upper  layers  moist,  so  that  a  mulch  is  formed  at  the 
top.  The  diminution  of  the  surface  tension  of  the  soil  water  at  or  near 
the  surface  is  very  large  during  the  sun  insolation,  and  far  greater  than 
the  increase  during  the  night,  because  during  the  sun  insolation  the  soil 
absorbs  heat  from  the  sun  very  rapidly  and  since  the  soil  is  a  poor  con- 
ductor of  heat,  the  heat  is  allowed  to  accumulate  at  the  surface  and 
raise  its  temperature  far  above  that  of  the  next  layers. 

The  foregoing  considerations  have  been  deduced  from  the  experimental 
data,  and  from  the  laws  of  kinetic  energy  of  matter,  surface  tension  of 
liquids,  etc.,  in  their  relation  to  temperature.  It  is  now  of  great  im- 
portance as  well  as  of  high  interest  to  know  if  these  deductions  can  be 
verified  experimentally.  The  type  of  experiment  which  the  writer  prob- 
ably would  have  performed  to  test  out  whether  or  not  the  temperature 
does  tend  to  conserve  moisture  in  the  soil,  has  fortunately  been  i)er- 
formed  by  Buckingham"  for  another  purpose.    In  his  studies  on  the 
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loss  of  water  under  arid  and  humid  conditions,  Buckingham  endeavored 
to  imitate  these  two  conditions  in  the  laboratory.  He  placed  soil  in 
cylinders  48  inches  long  and  2^4  inches  in  diameter,  and  provided  each 
cylinder  with  side  tubes  at  the  bottom  for  the  introduction  of  water.  He 
allowed,  by  means  of  an  electrical  fan,  a  current  of  air  to  be  blown  over 
the  top  surface  of  the  soils.  For  the  arid  conditions  this  current  of  air 
was  heated,  without  changing  its  absolute  humidity,  to  a  temperature  of 
about  50°  to  60°  F.  above  the  room  temperature.  To  imitate  also  the 
high  surface  temperature  of  soils  under  the  strong  sunshine  of  arid  cli- 
mates, the  top  inch  and  a  half  of  the  cylinders  under  the  hot  air  was 
heated,  by  heating  coils  surrounding  the  cylinders,  to  about  the  same 
temperature  as  the  hot  air.  The  breeze  of  about  3  miles  per  hour,  was 
kept  going  all  the  time.  The  heating  current  was  turned  on  for  six  hours 
a  day  except  on  Sunday  and  holidays.  For  the  humid  conditions  the 
soils  were  placed  under  the  current  of  air  at  room  temperature.  Bucking- 
ham performed  a  number  of  experiments  bearing  upon  this  subject  and  the 
results  he  obtained  are  qualitatively  about  the  same  for  all  of  them.  The 
following  diagram  shows  a  typical  set  of  results. 


<90O 


FIG.  5.  CURVE  SHOWING  EVAPORATION  OF  WATER  FROM  PODUNK  FINE  SANDY 
LOAM  WITH  TAP  WATER;  A,  SOIL  UNDER  HUMID  CONDITIONS;  B,  SOIL  UNDER 
ARID  CONDITIONS:  C,  WATER  UNDER  ARID  CONDITIONS;  D,  WATER  UNDER 
HUMID  CONDITIONS.    (AFTER  BUCKINGHAM.) 


An  examination  of  the  above  figure  shows  that  the  loss  of  water  from 
the  soil  under  arid  conditions  is  much  more  rapid  at  first  but  after 
about  4  days  have  elapsed  the  rate  of  loss  is  less  under  arid  than  under 
humid  conditions,  and  continue  to  be  so  throughout  the  duration  of  the 
experiment.  The  rate  of  evaporation  from  the  soils  for  the  last  ten  days 
is  11.2  inches  of  rain  per  year  under  arid  conditions  and  51.6  inches  of 
rain  per  year  under  humid  conditions. 

Buckingham  explains  these  results  under  the  supposition  that  a  mulch 
was  formed  on  the  soil  kept  under  arid  conditions,  more  rapidly  than  on 
the  soil  kept  under  humid  conditions,  and  the  mulch  prevented  rapid  loss 
of  water  from  the  former.  This  explanation  is  correct,  of  course,  in  so 
far  as  it  represents  the  result  of  the  mulch,  but  how  this  mulch  was 
formed  and  how  it  was  capable  of  accomplishing  this  result,  it  fails  to 
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explain  correctly.  In  the  opinion  of  the  writer  above  remits  offer  an 
excellmt  proof  that  temperature  aids  and  hastens  the  formation  of  a 
mulch,  and  tends  to  conserve  the  soil  moisture  in  the  manner  previously 
set  forth. 

This  is  a  remarkable  paradox  indeed,  that  temperature  which  causes 
the  loss  of  water  should  also  cause  its  conservation. 


THERMO-OSMOSE  IN  SOILS. 

In  the  course  of  the  foregoing  studies  on  thermal  movement  of  mois- 
ture in  soils,  the  question  arose:  What  would  happen  if  on  two  sides  of 
a  soil  membrane  is  placed  water  of  an  unequal  temperature?  Would 
there  be  a  diffusion  of  water?  And  if  so  would  the  hot  water  diffuse  to- 
wards the  cold,  or  vice  versa?  The  difference  in  temperature  between  the 
two  faces  of  the  membrane  is  analogous  to  the  difference  in  concentration 
of  solution.  If  anj  movement  of  water  occurred  in  either  direction  it 
might  be  classed  under  the  category  of  thermo-osmotic  phenomena,  prob- 
ably similar  to  those  observed  by  Lippmann^*  in  the  case  of  the  gelatine, 
and  golden  beatera  skin  where  cold  water  moved  towards  the  hot.  In 
such  an  event  the  soil  would  act  as  a  semi-permeable  membrane  in  the 
same  manner  as  in  solutions  of  different  concentrations  as  shown  by 
Lynde"  and  Robinson.^®  It  was  at  first  thought  that  certain  of  the  fore- 
going data  on  thermal  translocation  of  water  might  be  attributed  to 
thermo-osmotic  phenomena. 

Considerable  time  was  expended  in  endeavoring  to  devise  a  method  to 
attack  the  problem.  After  several  trials  the  apparatus  shown  in  figure 
6  was  devised  and  finally  adopted.  It  consists  of  a  brass  tube  11  inches 
long  and  IV^  inches  in  diameter  having  4  one-half  inch  holes,  two  cap 
nuts  C,  and  two  compressing  plungers  P.  The  holes  were  1  inch  apart  at 
the  two  ends  of  the  tube,  and  31,4  inches  at  the  center.  The  soil  whose 
thermo-osmose  or  thermo  diffusion  was  to  be  investigated  was  placed  in 
the  middle  of  the  tube  and  pressed  together  by  the  two  compressing 
plungers.  The  outer  ends  of  the  plungers  were  loosely  connected  to  the 
cap  nuts  and  by  screwing  the  latter  to  the  tube  the  soil  in  the  middle 
could  be  pressed  to  any  desired  degree.  The  heads  of  the  plungers  were 
fitted  to  the  tubes  tightly  and  were  perforated  so  as  to  allow  free  com- 
munication between  the  soil  and  water.  To  prevent  the  soil  from  being 
forced  out  through  these  perforations  a  very  fine  gauze  was  inserted  on 
the  inner  side  of  each  plunger  which  came  in  contact  with  the  soil.  For 
maintaining  a  difference  in  tempej-ature  at  the  opposite  compartments 
of  the  soil  membrane  a  wooden  box  with  a  partition  in  the  center  was 
employed.  The  tube  was  inserted  through  a  hole  in  the  partition  and  the 
soil  membrane  came  under  tliis  hole  and  extended  equally  in  both  direc- 
tions. After  the  two  compartments  of  the  wooden  box  were  made  water 
tight  either  by  paraffin  or  by  a  compound  called  "chlorine  putty,"  the  two 
enclosures  of  the  soil  membrane  were  filled  with  water,  and  in  the  inner 
two  holes  of  the  tube  were  placed  two  straight  glass  tubes,  and  in  the 
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outer  two  holes,  two  horizontally  bent  glass  tiil)es  of  very  small  diameter. 
The  straight  vertical  tubes  served  the  purpose  of  adding  water  to  the 
compartments  and  bringing  tlie  level  of  the  water  to  a  standard  position. 
On  the  horizontally  bent  tubes  was  intended  to  read  any  thermal  diffusion 
of  water.   The  vertical  tul)es  were  either  left  open  or  closfed. 

The  possibility  of  thermo-osmose  was  studied  in  kaolin  and  in  two 


FIG.  6.    APPARATUS  FOR  STUDYING  THERMO-OSMOTIC  PHENOMENA  IN  SOILS. 

different  kinds  of  clav,  of  different  thickness  of  membrane.    The  tern 
perature  amplitudes  employed  were  0  -20 ^  ()°-  40°,  0  -(K)°  (\   In  a  large 
mmiber  of  trials  no  thermo-osmose  was  observed:  no  movement  of  water 
occurred  in  either  direction. 

The  failure  of  obtaining  any  resnlfs  led  to  the  conclusion  that  either 
the  method  was  not  snfliciently  perfected,  or  that  there  is  no  thermo- 
osmotic  phenomena  in  soils.  In  the  opinion  of  the  writer  the  latter  con- 
clusion is  more  probable. 
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EFFECT  OF  TEMPERATURE  ON  THE  PERCOLATION  OF  WATER 

IN  SOILS. 

As  shown  in  table  1,  the  surface  tension  and  viscosity  of  water  decrease 
with  rise  in  temperature.  From  these  data  it  is  to  be  expected  that  the 
rate  of  flow  of  water  in  soils  should  increase  in  direct  ratio  with  tem- 
perature. In  summer  time  the  rate  of  percolation  should  be  greater  than 
in  winter,  before  freezing. 


Fia.  7.    APPARATUS  FOR  DETERMINING  THE  EFFECT  OF  TEMPERATURE  ON  THE 
RATE  OF  FLOW  OF  WATER  IN  SOILS.  ALSO  THE  EFFECT  OF  TEMPERATURE  ON 
THE  WATER-HOLDING  CAPACITY  OF  SOILS. 

The  only  and  often  cited  experiment  upon  this  subject  is  that  of  King, 
in  which  he  attempted  to  study  the  influence  of  temperature  upon  the 
rate  of  percolation  of  water  through  a  sandy  soil  only.  King  found  that 
a  rise  of  temperature  of  from  9°  to  24°  C.  increased  the  rate  of  percola- 
tion 50  per  cent.  Briggs,  through  calculation,  came  to  the  conclu- 
sion that  these  results  are  precisely  those  which  might  have  been  pre- 
dicted from  the  known  diminution  of  viscosity  of  water  with  rise  in  tem- 
perature. 

Since  the  subject  is  of  considerable  importance  and  has  received  really 
no  study,  a  research  of  it  was  undertaken.  The  method  of  procedure  con- 
sisted in  keeping  a  colnmn  of  soil  at  a  deflnite  temperature  /md  alloj«ring 
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water  of  the  same  temperature  to  percolate.  The  soil  column  was  con- 
tained in  a  brass  tube  14  inches  long,  and  3  inches  in  diameter.  The  soil 
was  placed  in  the  tubes  in  air  dry  condition,  compacted  lightly,  and  then 
water  allowed  to  flow  through  it  for  three  or  four  days  in  order  to  give 
it  a  more  uniform  structure  before  it  was  used  for  experimental  purposes. 
About  2  inches  of  space  was  left  at  the  top  for  a  constant  head  of  water 
pressure.  Surrounding  the  soil  tube  was  a  cylindrical  compartment  14 
inches  long,  and  10  inches  in  diameter,  and  soldered  to  the  soil  tube  at 
the  bottom  as  shown  in  figure  7.  In  this  outer  compartment  was  con- 
tained the  water  at  the  desired  temperature.  A  channel  at  the  upper  part 
of  the  soil  tube  connected  the  head  of  water  pressure  with  the  level  of 
the  outside  mass  of  water.  As  the  percolation  in  all  the  soils,  except  in 
the  sand,  is  slow,  the  constancy  of  the  head  of  water  pressure  was 
maintained  with  no  difficulty.  The  temperature  of  the  water  in  the  outer 
compartment,  and  consequently  that  which  flowed  through  the  soil,  was 
changed  and  maintained  to  any  desired  degree,  by  the  addition  of  either 
hot  water  or  ice.  There  are  electrical  devices  which  could  have  been 
used  for  this  purpose,  but  it  was  not  considered  expedient  and  necessary, 
as  the  above  method  answered  the  purpose  almost  equally  well.  The  soil 
was  allowed  to  remain  and  water  to  percolate  through  it  at  any  particu- 
lar temperature  for  two  hours  before  readings  were  taken  of  the  velocity 
of  percolation.  Inasmuch  as  the  volume  of  the  water  in  the  outer  com- 
partment was  large  and  the  vessel  well  insulated  on  the  outside,  the 
temperature  remained  fairly  constant  for  long  periods  of  time.  The 
temperatures  employed  were  0°,  10°,  20%  30°  40°,  and  50^  C.  The  classes 
of  soils  employed  were  sand,  sandy  loam,  silt  loam,  clay  loam, 
clay,  and  muck.  The  results  obtained  are  detailed  in  table  5.  They  give 
grams  of  water  percolated  during  a  i)eriod  of  30  minutes.  Figure  8 
represents  these  data  in  a  graphical  form. 


TABLE  6.— EFFECT  OF  TEMPERATURE  ON  THE  PERCOLATION  OF  WATER  IN  SOILS. 


Soil. 

Grams  of  water  percolated  in  30  minutes. 

0°  C. 

10°  C. 

20*»C. 

30*'  C. 

40°  C. 

60°  C. 

8Ut  loam  

Clay  I  

Muck  

1215.00 
17.84 

5.04 
12.17 
20.10 

6.57 

1533.60 
20.92 

5.86 
13.85 
22.35 

7.03 

1903.50 
24.24 

6.67 
15.99 
24.48 

8.61 

2496.90 
26.26 

6.56 
17.85 
24.91 

9.98 

2854.80 
26.61 

7.48 
17.26 
23.69 

9.39 

3688 . 50 
23.51 

6.23 
13.96 
17.16 

9.06 

An  examination  of  these  data  at  once  reveals  the  fact  that  the  rate  of 
percolation  of  water  does  not  increase  in  all  cases  with  rise  in  tempera- 
ture. On  the  contrary,  with  exception  of  sand,  in  all  the  other  soils  the 
velocity  of  flow  increases  up  to  a  certain  temperature  and  then  diminishes 
again  with  continued  ascent  of  temperature.  The  temperature  at  which 
the  maximum  rate  of  percolation  occurs  and  then  commences  to  descend, 
is  about  30°  C.  In  the  case  of  sand,  however,  the  velocity  of  flow  in- 
creases regularly  and  rapidly  with  rise  in  temperature. 

Obviously  then,  the  prevalent  a  priori  reasoning  that  the  rate  of  perco- 
lation of  water  in  soils  increases  with  increase  of  temperature  is  neither 
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FIG.  8.    CURVES  SHOWING  EFFECT  OF  TEMPERATURE  ON  THE  PERCOLATION  OF 

WATER  IN  SOILS. 


entirely  confirmed  nor  justified.  Evidently,  there  appears  to  be  some 
other  factor  or  factors  which  are  inlluenced  more  predominately  by  tem- 
perature than  the  viscosity  of  water,  and  succeed,  partially  or  completely, 
in  overpowering  the  effects  of  tlie  latter.  These  opposing  factors  are  to 
be  found  (1)  in  the  swelling  of  the  colloidal  material  present  in  the  soil, 
and  (2)  in  change  in  structure  of  the  soil  mass,  with  increase  in  tem- 
perature. 
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The  extensive  studies  on  the  subject  of  colloids  have  shown  that  soils 
contain  substance  of  this  nature,  and  that  some  classes  of  soil  possess 
them  more  abundantly  than  others.  In  what  structural  form  they  exist 
in  the  soil  is  not  as  yet  definitely  known ;  but  evidences  seem  to  indicate 
very  strongly  that  a  part  of  them  at  least  exists  as  a  gel  coating 
around  the  solid  particles,  and  another  part  as  individual  gel  aggre- 
gates. Now%  it  is  also  know^n  that  colloidal  substances  swell  when  they 
absorb  water,  and  that  this  property  of  swelling  increases  with  tempera- 
ture. Their  increase  in  volume  at  high  temperature  is  probably  due,  (1) 
to  their  inherent  constitution,  and  (2)  to  the  expansion  of  w^ater  they 
contain. 

If  soils,  therefore,  containing  colloidal  substances  are  placed  in  firm 
and  inflexible  tubes,  such  as  those  used  in  the  present  research,  in  order 
to  oppose  any  horizontal  thrust,  and  the  temperature  of  thene  soils  is 
varied,  the  rate  of  flow^  of  water  through  them,  will  be  governed  by  the 
viscosity  of  water,  the  structure  of  the  soil  mass,  and  the  colloidal  con- 
tent of  the  soil.  At  about  4°  O.  the  last  two  factors,  and  especially  the 
last,  favor  rapid  percolation,  but  the  first  factor  tends  to  reduce  it.  As 
the  temperature  rises,  the  viscosity  of  water  diminishes  rapidly  and  fa- 
vors the  flow  of  water,  but  the  colloidal  material  swells  and  tends  to  re- 
duce the  rate,  by  filling  up  the  pores  through  which  the  water  flows. 
This  swelling  may  not  be  considerable  at  the  lower  temperatures,  and 
allows  the  reduced  viscosity  to  predominate,  so  that  the  velocity  of  perco- 
lation increases  with  rise  in  temperature.  When  a  certain  temperature 
is  reached,  however,  the  increase  in  volume,  due  to  swelling  of  the  colloids 
and  expansion  of  water  attains  a  considerable  magnitude,  and  since  the 
volume  of  the  vessel  remains  constant,  the  mass  of  soil  is  subjected  to 
a  strain :  some  rearrangement  of  the  particles  takes  place ;  many  of  the 
pores  are  closed  up,  and  the  rate  of  percolation  commences  to  det^rease. 
At  this  temperature,  therefore,  the  factor  of  swelling  predominates  over 
the  decreased  interaal  friction  of  the  liquid.  With  a  further  increase  in 
temperature  this  factor  of  swelling  and  the  consequent  closing  up  of  the 
soil  interstices,  is  augmented.  The  total  result,  will  be,  therefore,  just 
what  the  experimental  data  really  show.  On  the  other  hand,  as  the  soil 
mass  is  maintained  under  a  constant  strain  at  the  higher  temperature, 
there  may  occur  some  radical  change  in  the  structure  of  the  soil  mass 
which  will  favor  a  high  rate  of  percolation.  Such  changes  were  observed 
in  some  of  the  experiments. 

In  a  sandy  soil,  however,  the  conditions  are  different.  Here,  there  are 
no  colloidal  substances  to  swell  and  close  up  tlie  pores,  and  consequently 
the  rate  of  percolation  follows  more  closely  the  law  of  viscosity.  This 
rate,  how^ever,  is  modified  by  a  change  in  the  structure  that  takes  place 
as  the  temperature  rises.  This  change  in  structure  in  sand,  seems  to 
favor  a  more  rapid  flow  of  water.  The  abnormal  velocity  of  percolation 
noted  in  this  soil  is  due  to  the  internal  alteration  in  structure.  That  a 
change  occurs  in  structure  by  varying  the  temperature  is  further  con- 
firmed by  the  following  observation :  When  the  rate  of  passage  of  water 
was  determined  sav  at  20°  C.  and  then  at  50°  C.  and  the  temperature 
was  brought  to  20°  (\  again,  the  two  readings  at  20°  (\  were  not  at  all 
the  same. 

It  thus  appears  that  the  unexpected  trend  of  the  results  is  explainable 
bv  the  swelling  of  the  colloidal  material,  and  by  the  change  in  structure 
in  the  soil  mass,  with  rise  in  temperature.  Digitized  by  GoOgle 
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The  practical  question  now  rises :  Would  identical  results  be  obtained 
under  natural  conditions?  This  will  depend  to  a  large  extent  upon  the 
structure  and  composition  of  the  soil.  If  the  soil  is  compact  and  con- 
tains large  amounts  of  colloidal  material  the  swelling  of  the  latter  prob- 
ably may  predominate  and  cause  a  decrease  in  the  rate  of  percolation.  If 
the  same  soil,  however,  is  loose,  and  has  many  crevices,  worm  holes,  etc., 
the  decreased  viscosity  may  predominate  and  increase  the  flow  of  water. 
On  the  other  hand,  it  must  be  remembered  that  the  temperature  under 
field  conditions  exists  practically  always  in  a  gradient  form,  while  in  the 
present  research  it  was  the  same  throughout  the  soil  column. 

Prom  studies  on  the  flow  of  water  in  soils,  various  investigators  have 
attempted  to  express  the  relation  of  the  soil  to  the  movement  of  water 
through  it,  quantitatively.  To  accomplish  this  they  have  assumed  that 
the  porous  soil  is  composed  of  bundles  of  capillary  tubes,  and  that  the 
velocity  of  flow  of  liquid  will  consequently  conform  to  Poiseuille's  formu- 
la, which  is :  i 


V  = 


8  '       n     *  1 


when  V  =  volume  of  liquid ; 
and  s  =  density  of  liquid; 
r  =  radius  of  capillary; 
n  =  viscosity  of  liquid; 
1  =  length  of  capillary ; 
g  =  gravitational  constant ; 
h  =  head  of  liquid  pressure; 

Such  an  assumption,  however,  is  practically  futile.  In  the  first  place, 
Poiseuille's  formula  was  deduced  from  the  ascertained  rate  of  flow  of 
liquid  through  straight  tubes  of  approximately  uniform  diameter.  The 
supposed  bundles  of  capillary  tubes  in  the  soil  are  irregular  in  area, 
length,  direction,  and  shape,  consequently  the  formula  is  inapplicable. 
In  the  second  place,  the  foregoing  research  shows  that  the  soil  material 
is  dynamic  and  not  static,  and  that  temperature  affects  its  physical  con- 
stitution so  greatly  that  the  velocity  of  flow  of  water  through  it  is  en- 
tirely different  from  what  might  be  expected  from  the  known  physical 
laws.  Hence,  it  was  considered  useless  to  attempt  to  apply  Poiseuille's 
formula  to  the  foregoing  experimental  data. 
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EFFECT  OF  TEMPERATURE  ON  THE  RETENTION  OF  WATER  BY 

SOILS. 

Since  the  amount  of  water  retained  by  soils  is  believed  to  depend  to 
a  considerable  extent  upon  the  surface  tension  of  the  soil  water,  and  in- 
asmuch as  we  have  seen  that  the  surface  tension  of  water  is  reduced  by 
increase  in  temperature,  it  was  decided  to  conduct  an  investigation  to 
obtain  numerical  values  of  these  relations.  This  research  was  facilitated 
by  the  fact  that  the  same  soils  of  the  last  section  could  be  used.  After 
the  studies  on  percolation  were  completed  these  soils  were  brought  to 
the  temperature  of  melting  ice  and  allowed  to  remain  at  this  temperature 
for  about  24  hours  to  drain.  Their  temperature  then  was  raised  to  50° 
O.  by  increments  of  10°  C,  and  any  water  that  dripped  down  during  a 
definite  period  at  any  particular  temperature  was  caught  and  weighed. 
Preliminary  trials  showed  that  during  a  period  of  two  hours  the  soils 
allowed  to  drain  practically  all  the  water  that  would  drain  at  any  one 
of  the  temperatures  employed.  In  fact,  at  the  higher  temperatures,  the 
soils  ceased  draining  even  before  the  completion  of  two  hours.  Through- 
out this  investigation,  therefore,  the  limit  of  two  hours  was  used  for  all 
temperatures  and  for  all  soils.  Table  6  and  the  accompanying  figure  9 
show  the  results  obtained.  The  table  contains  also  the  percentage  of  water 
drained  and  thereby  lost,  at  the  different  temperatures,  based  upon  the 
dry  weight  of  the  soil. 

The  results  show  that  in  the  case  of  the  sandy  loam,  silt  loam,  clay 
loam,  clay  and  muck  the  amount  of  water  drained  increases  regularly  and 
rather  rapidly  with  increase  in  temperature.  In  the  case  of  the  sand, 
however,  the  quantity  drained  increases  up  to  the  temperature  of  30°  C. 
and  then  commences  to  diminish  with  further  rise  in  temperature.  The 
total  quantity  drained  is  about  the  same  in  the  former  soils,  and  about 
three  times  greater  than  in  the  latter  soil. 

The  order  of  these  results  complies,  in  a  general  way,  with  what  might 
have  been  expected,  but  whether  the  magnitude  of  the  values,  which  is 
rather  appreciable,  is  correct,  cannot  positively  be  asserted,  because  the 
relation  of  soil  to  water  and  other  factors,  complicate  the  problem.  Ac- 
cording to  the  figures  presented  in  table  1,  the  surface  tension  of  water 
decreases  at  the  rate  of  about  0.2  per  cent  per  degree  Centigrade,  so  that 
for  every  5**  0.  the  rate  decreases  about  1  per  cent.  From  this  it  would 
appear  that  the  decrease  in  the  water  holding  capacity  of  the  soils  fol- 
lows the  law,  but  not  closely.  It  is  certain,  however,  that  the  above 
quantities  of  water  drained  are  not  wholly  due  to  the  decrease  in  the  sur- 
face tension  of  the  soil  water,  but  also  to  two  other  factors.  These  are 
(1)  the  expansion  of  the  air  in  the  interstices,  and  (2)  the  expansion 
of  the  soil  mass,  and  consequently  to  the  squeezing  out  of  water.  As  the 
water  leaves  the  soil  by  drainage  at  the  temperature  of  melting  ice,  its 
space  is  replaced  by  air.  When  the  temperature  of  the  soil  is  raised  this 
air,  some  of  which  is  imprisoned,  expands,  and  produces  a  sudden  pres- 
sure throughout  the  soil  mass  and  forces  out  or  expels  some  of  the  free 
water  which  accumulates  at  the  lower  end  of  the  tube,  due  to  the  greater 
attraction  of  gravity.   As  a  proof  of  this  may  be  cited  thefact  that  the 
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FIG.  9.    CURVES  SHOWING  EFFECT  OF  TEMPERATURE  ON  THE  RETENTION  OF 

WATER  BY  SOILS. 

greater  portion  of  the  water  drained  at  the  various  temperatures,  oc- 
cnrred  in  the  first  few  minutes  when  really  the  soil  mass  had  not  as  yet 
acquired  to  any  appreciable  degree  the  external  temperature.  Further- 
more, if  the  soils  were  kept  say  at  50°  C.  for  a  considerable  length  of 
time  and  the  dripping  of  water  had  completely  ceased  the  latter  would 
recommence  almost  instantly  if  the  temperature  was  raised  even  2  de- 
grees higher.  This  observation  seems  to  offer  the  real  explanation  as  to 
the  cause  of  the  diurnal  fluctuation  of  ground  water  in  shallow  wells  as 
observed  by  King^^,  and  which  has  been  erroneously  attributed  by  many 
writers  to  the  diurnal  change  of  the  surface  tension  of  the  soil  moisture. 
There  was  probably  air  imprisoned  within  the  soil  between  the  surface 
and  the  water  level  which  contracted  during  the  night  and  expanded 
during  the  day  and  thus  caused  fluctuations  in  the  ground  water. 

In  the  case  of  the  soils  with  large  colloidal  content  some  water  is  ac- 
tually squeezed  out  at  the  maximum  temperatures  employed,  due  to  ex- 
pansion and  swelling  of  the  colloidal  material.  During  preliminary  tests 
it  was  observed,  for  instance,  that  if  peat  and  Clyde  loam  were  in  the 
tubes  in  a  rather  compact  form,  water  would  be  forced  to  the  top  at 
the  beginning,  when  the  temperature  was  raised  to  50^  C. 


»U.  S.  Dept.  of  Agr.,  Bui.  5,  Weather  Bureau,  pp.  59-61. 
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A  portion  of  the  tratcr  that  left  the  soil  at  the  vanom  temperatures 
slwuld  he  attributed  to  the  decreased  adhesive  power  of  the  soil  for  water. 
It  is  not  proper  to  consider  the  soil  m<iss  itself,  as  has  been  done  here- 
tofore, as  a  static  and  passive  skeleton,  and  as  being  utwffected  by,  and 
irresponsive  to  temperature,  and  as  playing  no  part  in  the  capillary 
movement  of  icater  when  it  is  mo-ist.  Indeed,  the  physical  properties  of 
the  solid  soil  are  affected  by  temperature  as  well  as  those  of  the  liquid, 
for  both  classes  of  matter  obey  the  law  of  kinetic  energy  of  matter.  It 
is  wrong  to  speak  then  of  the  w^ter-holding  power  of  a  soil  being  de- 
creased by  rise  in  temperature  because  the  surface  tension  of  its  xoater 
is  decreased;  or  that  water  is  pulled  upward  in  a  moist  soil  because  only 
of  the  curvature  of  the  capillary  films. 

In  view  of  these  considerations,  it  might  be  concluded  that  the  diminu- 
tion of  the  water  holding  capacity  of  a  soil  due  solely  to  the  decreased 
surface  tension  of  the  soil  water  by  temperature  is  insignificant. 


EFFECT  OF  TEMPERATURE  ON  THE  RATE  OF  FLOW  OF  AIR  IN 

SOILS. 

Unlike  liquids,  ihe  viscosity  of  gases  increases  with  rise  in  tempera- 
ture. The  velocity  of  flow  of  air  in  soils,  therefore,  with  rise  of  tempera- 
ture, should  diminish  correspondingly.  The  experiments  of  Ammon^** 
and  Wollney^*  have  confirmed  this  conclusion.  Ammon  has  also  shown 
that  the  actual  and  calculated  results  agree.  Both  of  these  investiga- 
tors, however,  obtained  their  results  under  too  abnormal  and  unnatural 
conditions,  in  that  they  used  only  dry  powdered  soils.  The  foregoing  in- 
vestigation on  the  velocity  of  flow  of  water  through  soils  at  the  higher 
temperatures,  gave  occasion  to  suspejct  that  the  passage  of  air  in  dry 
soils  may  not  be  the  same  in  moist  soils  either  in  order  or  magnitude. 
For  this  reason,  the  research  presented  herewith  was  undertaken. 

The  method  of  procedure  consisted  of  drawing  air  through  a  moist 
column  of  soil  at  different  temperatures  by  means  of  a  small  tank  aspira- 
tor. The  column  of  soil  was  contained  in  a  tube,  shown  in  figure  9,  which 
is  8  inches  long,  and  8  inches  in  diameter,  and  has  a  small  opening  at  the 
bottom  for  forming  connections  with  the  aspirator.  This  soil  tube  was 
surrounded  by  a  circular  compartment  which  sen-ed  as  a  temperature 
bath.  The  soil  column  was  about  5.7  inches  high.  In  order  to  obtain 
as  unifonn  conditions  of  structure  and  c(mi]>actness  among  the  dilTerent 
soils  as  possible,  they  were  placed  in  the  tube  in  air  dry  condition, 
slightly  tapped,  and  water  allowed  to  percolate  through  them  for  sev- 
eral days.  Following  this  treatment  they  were  subjected  to  an  alternate 
drying,  wetting,  freezing,  and  thawing.  The^e  processes  tended  to  give 
them  a  textural  and  structural  condition  somewhat  similar  to  that  usu- 
ally found  in  natural  soils  under  field  conditions.  The  soils  were  used  fo^ 
the  experiment  wh(*n  they  contained,  what  is  considered,  an  average  mois- 
ture cont(Mit.  As  they  lost  their  excess  of  water  the  colloidal  types  con- 
tracted in  mass  and  lefl  a  space  In^tween  the  sides  of  the  column  and  the 
inner  wall  of  the  tube.    This  space  was  filled  with  hot  paraffin  so  that 

2«For(  h.  a.  d.  (}.  I>.  AKrik— Phvsik.  IW.  .3.  S.  200. 
2U'"orch,  a.  d.  G.  I).  Aprik— Physlk,  Bd.  IC,  S.  193-222 
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FIG.  10.    APPARATUS  FOR  DKTP:RMINING  THE  EFFECT  OF  TEMPERATURE  ON  THE 
RATE  OF  FIX)W  OF  AIR  IN  SOILS. 
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the  air  would  be  drawn  only  through  the  mass  of  the  soil.  The  rate  of 
passage  of  air  was  measured  in  quartz  sand,  sandy  loam,  silt  loam,  and 
clay  of  the  Miami  series,  and  Clyde  silt  loam  and  peat,  at  the  tempera- 
tures of  0°,  10°,  20°,  30°,  40°,  and  50°  C.  The  soil  column  was  kept  at 
the  same  temperature  from  two  to  three  hours  before  the  transpiration 
measurements  were  taken. 

The  aspirator  apparatus  employed  was  similar  to  that  of  King's,  with 
few  modifications.  This  apparatus  is  shown  also  in  figure  10.  It  consists 
of  a  sheet-galvanized  iron  can  15  inches  high,  and  5  inches  in  diameter, 
inverted  over  water  into  another  can  14  inches  high,  and  6^4  inches  in 
diameter.  The  suction  tube  is  i/^  inch  in  diameter  and  141^  inches  high 
inside,  and  16  inches  high  outside  of  the  fixed  can.  The  aspirator  bell  is 
attached  to  a  fine  brass  wire  which  runs  over  a  6^4  i^^cb  grooved  metallic 
pulley,  to  a  weight.  The  weight  employed  was  sufficient  to  produce  a 
suction  of  2  mm.  pressure  of  mercury.  The  pressure  was  read  on  the 
manometer.  The  volume  of  the  aspirator  bell  was  calibrated  with  air. 
This  was  done  by  adding  a  definite  quantity  of  water  into  the  outer  or 
fixed  can,  and  then  allowing  the  aspirator  bell  to  come  to  position,  and 
measuring  the  volume  of  air  displaced  by  water  in  a  gas  burette.  The 
volume  of  air  displaced  is  the  reciprocal  of  the  volume  of  air  drawn  in, 
for  the  same  water  level  in  the  tank.  Many  preliminary  trials  showed 
that  four  liters  of  water  in  the  tank  gave  an  air  displacement  of  2650 
cc.  on  the  aspirator  bell.  In  all  the  experiments,  therefore,  this  quantity 
of  water  in  the  fixed  can  was  used  as  a  standard,  and  the  relative  rate 
of  flow  of  air  through  soils  was  measured  by  noting  the  time  required  for 
2650  cc.  of  air  to  pass  through  the  column  of  soil.  The  results  obtained 
are  shown  in  table  7  and  on  the  accompanying  figure  11. 


TABLE  7.— EFFECT  OF  TEMPERATURE  ON  THE  RATE  OF  FLOW  OF  AIR  IN  SOILS 


Soil. 

Time  required  for  2650  cc.  of  air  to  pass  through  soil  column. 

1 

0*  C.         10"  c. 

20*'  C. 

30*  C. 

40*  C. 

50*  C. 

Min.  Min. 

Min. 

Min. 

Min. 

Min. 

1.45 
1.40 
11.00 
11.50 
13.30 

1.60 
2.00 
15.20 
15.00 
16.40 

2.00  2.12 
2.45  1  3.37 
18.30  21.20 
18.00  1  26.00 
20.15  20.40 

2.28 
4.30 
29.30 
31.00 
27.30 

2.50 
10.35 
41.20 
33.00 
38.40 

The  preceding  results  show  that  the  rate  of  passage  of  air  through 
soils  decreases  inversely  with  temperature.  This  is  in  conformity  with 
the  law  of  viscosity  of  gases  as  far  as  the  order  is  concerned,  but  not  in 
magnitude.  The  above  velocity  of  transpiration  is  governed  not  only 
by  the  internal  friction  of  the  gas,  but  also  by  the  swelling  of  the  col- 
loidal material  at  the  higher  temperatures  which  closes  up  the  pores, 
and  impedes  the  flow.  This  fact  is  very  strikingly  illustrated  by  the  ab- 
normal decrease  in  flow  at  the  higher  temperatures.  The  abnormal  de- 
crease at  the  higher  temperatures,  however,  is  also  partly  due  to  the 
change  in  structure  brought  about  by  temperature  and  by  the  transpira- 
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FIG.  11.    CURVE  SHOWING  EFFECT  OF  TEMPERATURE  ON  THE  RATE  OF  FLOW 

OF  AIR  IN  SOILS. 

tion  of  air.  As  the  latter  is  sucked  through  the  column  of  soil,  some  re- 
arrangement of  particles  undoubtedly  occurs.  This  change  in  structure 
sometimes  causes  either  an  increase  or  decrease  in  the  flow  of  air  very 
suddenly. 

The  foregoing  transpiration  data  may  be  expressed  also  as  transpira- 
tion constant  for  any  soil  and  for  any  particular  temperature.  By  a 
transpiration  constiint  is  meant  the  number  of  cubic  centimeters  of  air 
which  would  in  one  second,  flow  through  1  cm^  of  cross  section  of  a  layer 
of  soil  1  cm.  thick,  if  the  pressure  were  1  mm.  of  mercury  greater  on  one 
side  of  the  layer  than  on  the  other.  Tlie  following  example  will  make 
clear  how  this  transpiration  constant  can  be  computed.  F^uppose  that 
2650  cc.  of  air  are  drawn  by  the  aspirator  through  a  layer  of  soil  326.8 
cm.^  in  area  and  14.7  cm.  thick  in  105  seconds  by  a  suction  of  2  mm.  of 
mercury.  The  total  flow  per  second  is  2650  105  or  25.2  cc.  per  second. 
The  flow  through  each  square  centimeter  is  25.2  -~  326.8  or  0.077  cc.  per 
second.  The  pressure  gradient  is  2  mm.  in  14.7  cm.  or  O.l^^mm.  oer 
centimeter.    Therefore  the  flow  per  second  through  i©§j<jJid8flU^®0@re- 
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meter  for  a  gradient  of  1  mm.  per  centimeter  would  be  0.077  -t-  0.13  or 
0.59  cc.  By  applying  this  form  of  computation  to  the  foregoing  experi- 
mental data  the  following  figures  are  obtained. 


TABLE  8.-— TRANSPtRATION  CONSTANT  OF  SOILS  AT  DIFFERENT  TEMPERATURES. 


Sou. 

0°  C. 

lO**  C. 

20°  C. 

30°  C.  1 

40°  C.  1 

60'  C. 

.590 

.667 

.497 

.452  i 

 r 

.403 

.351 

.596 

.497 

.361 

.275 

.221  1 

.003 

.090 

.064 

.053 

.046 

.034  : 

.024 

Clay  

.084 

.066 

.055 

.038 

.032  , 

.030 

.073 

.059 

.049 

.084 

.038  ! 

.025 

As  would  be  expected  from  the  experimental  results  presented  in  table 
7,  the  transpiration  constant  is  greatest  in  soils  with  least  colloidal 
matter,  and  decreases  regularly,  and  in  many  cases  very  rapidly,  with  rise 
in  temperature. 


EFFECT  OF  TEMPERATURE  CHANGES  ON  THE  AERATION  OF 

SOILS. 

Unquestionably  the  aeration  of  soils  is  one  of  the  most  important  prob- 
lems in  soil  physics;  yet  strange  to  say,  it  has  never  been  studied  ex- 
perimentally from  the  temperature  point  of  view.  This  lack  of  experi- 
mental study  is  mainly  due  to  the  prevalent  notion  that  temperature 
changes  occasion  very  little,  if  any,  influence  on  the  process  of  soil  area- 
tion,  because  of  the  small  coefficient  of  gas  expansion  which  amounts 
only  to  1/273  per  degree  Centigrade.  It  is  reasoned  that  since  the  aver- 
age diurnal  fluctuation  of  temperature  to  the  depth  of  12  inches  is  not 
very  marked,  the  volume  of  gas  diurnally  exchanged  in  the  upper  one 
cubic  foot  of  soil,  is  small.  Thus  King"  has  calculated  that  the  soil 
ventilation  due  to  diurnal  changes  in  soil  temperature  will  range  from  0 
up  to  possibly  20  cubic  inches  per  square  foot.  Ramann*',  in  discussing 
the  subject,  makes  the  following  statement:  "The  influence  of  temperature 
fluctuations  on  the  volume  of  the  soil  air  is  not  appreciable,  and  occurs 
only  in  the  upper  layers  of  the  soil.  Since  the  coefficient  of  expansion  of 
gas  is  only  1/273  per  degree  Centigrade,  and  inasmuch  as  the  tempera 
ture  fluctuations  to  the  depths  of  from  4  to  8  inches  are  small,  the 
diurnal  exchange  of  gas  is  consequently  small." 

The  problem  was  subjected  to  an  experimental  study  and  the  results 
obtained  show  the  remarkable  fact  that  temperature  has  a  tremendous 
influence  upon  the  aeration  of  soils,  and  that  this  influence  is  due  to  two 
other  factors  besides  the  mere  expansion  of  gases. 

The  general  method  of  investigating  the  problem  consisted  in  heating 
a  definite  volume  of  dry  or  moist  soil  to  different  temperatures  and  meas- 
uring (1)  the  volume  of  gas  expelled,  and  (2)  the  pressure  exerted.  The 
volume  of  gas  was  measured  over  water  in  a  gas  burette,  which  is  shown 
on  figure  12,  and  the  pressure  was  measured  under  mercury  on  the  mano- 
meter shown  also  on  the  same  figure.  The  soil  was  contained  in  a  brass 
tube  8  inches  long,  and  l^o  inches  in  diameter,  closed  at  one  end  with  a 
solid  rubber  stop[)er,  and  the  other,  wuth  a  single  holed  rubber  stopper, 
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which  contained  a  bent  glass  tube  to  be  connected  to  the  gas  burette. 
The  soil  column  in  the  tube  occupied  a  space  of  152  cubic  centimeters, 
and  was  about  6.5  inches  in  length.  The  length  was  calculated  to  repre- 
sent the  depth  that  the  upper  surface  of  soil  is  tilled,  and  in  which  the 
amplitude  of  temperature  is  most  marked.  There  were  six  different 
classes  of  soil  used,  namely :  quartz  sand,  and  sandy  loam,  silt  loam,  and 
clay  of  the  Miami  series,  and  Clyde  silt  loam  and  peat.  All  these  soils, 
both  in  the  dry  and  moist  condition^  were  passed  through  a  sieve,  mixed 
well,  and  compacted  in  the  tube  as  uniformly  as  possible.  The  packing 
was  done  by  allowing  the  tube  to  fall  in  a  vertical  position  a  certain 
number  of  times  from  a  definite  height.  The  soil  was  heated  to  any  de- 
sired temperature  by  varying  the  temperature  of  the  water  contained  in 
the  vessel  in  which  the  soil  tube  was  placed.  There  were  six  different 
temperatures  employed,  0°,  10°,  20°,  30°,  40°,  and  50°  C.  These  tempera- 
tures are  within  the  limits  of  the  temperature  changes  that  occur  in  the 
bare  soil  between  winter  and  summer,  and  between  day  and  night  in  suc- 
cession, or  at  interv^als  of  a  few  days.  The  soil  was  kept  at  the  same  tem- 
perature until  no  more  gas  was  expelled  or  pressure  exerted.  In  the 
case  of  the  moist  soil  the  equilibrium  was  attained  in  about  30  minutes, 
but  in  the  case  of  the  dry  soils,  a  somewhat  longer  time  was  required. 
It  is  doubtful,  however,  whether  all  the  air  was  expelled,  even  when 
equilibrium  was  established,  because  there  are  films  or  small  bubbles  of 
air  which  adhere  with  great  tenacity  to  particles,  and  especially  to  those 
coated  with  oily  substances.  Moreover,  some  air  is  imprisoned  and  can- 
not escape.  Some  very  slight  irregularities  which  will  be  noticed  in  some 
of  the  results,  may  be  attributed  to  these  factors.  But  the  error  resulting 
from  the  difficulty  of  expelling  all  the  gas  must  relatively  be  very  small 
on  account  of  the  large  volumes  of  gas  expelled.  The  following  tables 
and  diagrams  represent  the  results  obtained.    Table  0  contains  the  ob- 
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CURVE  SHOWING  THE  EXPULSION  OF  AIR  FROM  ONE  HALF  CUBIC  FOOT 
OF  AIR  DRY  SOIL  AT  DIFFERENT  TEMPERATURES. 
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tained  and  calculated  data  for  the  volume  of  gas  expelled  from  the  dry 
soils.  Table  10  contains  the  identical  data  for  the  moist  soils.  These 
tables  are  accompanied  by  figures  13  and  14  respectively.  Table  11  repre- 
sents the  amount  of  pressure  exerted  by  the  moist  soils  only.  The  data 
of  this  table  is  shown  on  figure  15. 
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CURVE  SHOWING  THE  EXPULSION  OF  AIR  FROM  ONE  HALF  CUBIC  FOOT 
OF  MOIST  SOIL  AT  DIFFERENT  TEMPERATURES. 
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FIG.  16.    CURVE  SHOWING  THE  PRESSURE  EXERTED  BY  AIR  IN  ONE  HALF  CUBIC 
FOOT  OF  MOIST  SOIL  AT  DIFFERENT  TEMPERATURES. 


Before  entering  into  the  discussion  of  the  data  presented  in  the  pre- 
ceding tables  and  charts,  an  explanation  of  their  form  of  presentation 
is  necessary.  The  first  eleven  columns  of  tables  9  and  10  show  the 
weight  of  the  soils  contained  in  the  tube,  the  percentage  of  pore  space,  etc., 
and  the  actual  number  of  cubic  centimeters  of  air  obtained  at  the  various 
temperatures.  The  last  seven  columns  to  the  right  show  the  same  ex- 
perimental results  reduced  to  the  volume  of  air  that  one-half  cubic  foot 
of  soil  would  give,  provided  it  had  the  same  percentage  of  pore  space  as 
the  soil  in  the  tube.  This  basis  makes  the  figure  more  practicable  and 
more  comprehensible.  As  will  be  seen,  the  volumes  are  not  reduced  to 
the  standard  condition  of  temperature  and  pressure,  which  can  be  done 

P 

by  the  use  of  the  formula  of  Vq  —  V  —  or  = 

760  (1  +  0.00367t) 

P  —  M 

V  where  Vq  is  the  volume  under  standard  condi- 

760  (1  +  0.00367t) 
tions,  V  the  observed  volume,  P  the  pressure  expressed  in  millimeters  of 
mercury,  t  the  observed  temperature,  and  M  the  vapor  pressure  of  the 
liquid,  because  the  data  as  given  above  represent  more  closely  the  true 
state  of  affairs.  As  will  be  shown  later,  the  amount  of  gas  expelled  or 
pressure  produced,  are  very  greatly  influenced  by  the  aqueous  vapor 
present,  and  if  the  results  were  reduced  to  the  standard  conditions,  this 
factor  would  have  to  be  eliminated.  The  principal  object  of  the  re- 
search is  to  ascertain  to  what  extent  temperature  affects  the  ventilation 
of  soils  in  ioto,  and  not  necessarily  the  increase  of  volume  of  the  pure 
gases  in  the  soil.  Nor  are  the  data  reduced  to  any  common  pressure. 
The  atmospheric  pressure  varied  about  .20  inches  on  the  barometer  for 
different  experiments.  Re]ieated  tests  showed,  however,  that  the  error 
resulting  from  the  difficulty  of  expelling  all  the  gas  from  the  soils,  ex- 
ceeds that  due  to  the  small  variations  in  the  atmospheric  pressure. 
Hence,  the  changes  in  atmospheric  pressure  have  been  discarded  in 
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the  calculation  of  the  preceding  results.  The  first  ten  columns  of  table 
11  show  the  actual  pressure  in  atmospheres  of  mercury  that  the  experi- 
mental soils  produced^  and  the  last  seven  columns  represent  the  same 
data  reduced  to  the  basis  of  one-half  cubic  foot  of  soil,  the  percentage  of 
pore  space  in  the  experimental  soil  being  taken  as  a  basis. 

With  these  explanatory  remarks  in  mind,  the  discussion  of  the  data 
may  now  be  undertaken.  Disregarding  for  the  present  table  9  with  the  dry 
soils,  and  considering  only  table  10  with  the  moist  soils,  it  mil  he  found 
that  temperature  exei  ts  a  great  influence  on  tlie  aerwtion  of  soils.  The 
quantity  of  gas  that  would  actually  be  exhaled  or  inhaled  by  raising  the 
temperature  of  the  upper  half  cubic  foot  of  soil  from  0°  to  10°  C, 
amounts  to  326.2  cc.  in  the  quartz  sand,  288.8  in  sandy  loam,  325.7  in 
silt  loam,  354.0  in  Clyde  silt  loam,  363.2  in  clay,  and  465^9  in  peat.  These 
volumes  increase  very  regularly  and  markedly  with  rise  in  temperature 
so  that  at  the  temperature  elevation  of  from  40**  to  50°  C.  they  amount 
to  549.5  cc.  in  quartz  sand,  559.0  in  sandy  loam,  567.6  in  silt  loam,  596.3 
in  Clyde  silt  loam,  605.3  in  clay  and  792.0  in  peat.  It  must  be  noted  that 
this  increase  in  volume  with  a  rise  in  temperature  is  contrary  to  the  law 
of  Charles  which  states  that  "providing  the  pressure  remains  constant 
the  volume  of  a  gas  will  change  1/273  for  each  degree  of  change  of  tem- 
perature." In  the  present  case  the  pressure,  which  is  the  atmospheric, 
remained  constant  throughout  the  duration  of  the  experiment.  Accord- 
ing to  this  law  the  results  should  follow  the  formula  V  =  (1  +  at)  in 
which  Vo  represents  the  volume  of  the  gas  at  0°  and  V  the  volume  at  a 
temperature  of  t  and  a  =  1/273,  so  that  the  increase  in  volume  for  every 
rise  of  10°  C.  should  be  the  same  for  all  equal  temperature  increments. 
The  last  column  to  the  right  shows  the  theoretical  increase  in  volume 
of  air  contained  in  the  total  pore  space  of  the  upper  half  cubic  foot  of 
soil,  for  every  raise  of  10°  C.  up  to  50°  C.  By  comparing  this  theoretical 
increase  in  volume  with  the  actual  increase  obtained  at  the  different 
temperature  elevations,  the  remarkable  fact  becomes  at  once  evident  that 
the  latter  not  only  rises  with  every  increment  of  temperature,  while  the 
former  remains  the  same,  but  also  the  difference  between  the  two  is  very 
marked  even  at  the  temperature  elevation  of  from  0°  to  10°  C,  and  that 
it  is  gradually  accentuated  with  further  rise  in  temperature  so  that  at 
the  temperature  elevation  of  from  40°-50°  C.  it  is,  in  most  cases  about 
4  times  greater  than  that  at  0°-10°  C.  For  example,  at  the  temperature 
elevation  of  fr6m  0°  to  10°  C,  the  difference  in  volume  increase  between 
the  actual  and  theoretical  is  90.6  cc.  for  quartz  sand,  38.8  for  sandy 
loam,  82.0  for  silt  loam,  78.0  for  Clyde  silt  loam,  102.2  for  clay,  and 
265.5  for  peat.  While  at  the  temperature  elevation  of  from  40°  to  50° 
C.  the  difference  is  314.1  cc.  for  quartz  sand,  309.0  for  sandy  loam,  323.9 
for  silt  loam,  320.3  for  Clyde  silt  loam,  344.3  for  clay  and  592.6  for 
peat.  It  will  also  be  seen  that  the  increase  in  volume  of  the  actual  re- 
sults is  50  per  cent  greater  from  the  rise  of  temperature  of  from  40°  to 
50°  C.  than  that  from  0°  to  10°  C,  while  the  increase  in  volume  of  the 
theoretical  results  is  the  same  at  both  increments  of  temperature. 

The  horizontal  line  to  the  left  headed  "empty  tube''  contains  some 
very  important  information  in  connection  with  what  has  been  said 
above.  This  column  contains  the  increase  in  volume  of  the  air  enclosed 
in  an  empty  tube  of  exactly  the  same  capacity  as  that  contained  the 
soils.  The  air  in  this  tube  was  dried  by  heating  the  tube  to  100°  C.  and 
then  cooling  it  gradually  to  0°  C.  and  allowing  air  to  pass  either  through 
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CaCL,  or  H2SO4  before  it  entered  the  tube.  This  procedure  had  an  ob- 
ject in  view  which  will  be  revealed  subsequently.  Since  the  tube  was 
empty  its  "porosity"  was  100  per  cent.  Reducing,  for  sake  of  compari- 
son, its  volume  to  that  of  an  empty  half-cubic  foot,  the  increase  in  vol- 
ume of  the  air  by  increments  of  10°  C.  will  be  found  at  the  bottom  of  the 
right  hand  half  of  the  table.  An  examination  of  these  results  show  that 
they  follow  the  law  of  Charles  in  that  the  increase  in  volume  is  the 
same  for  equal  raise  in  temperature.  The  total  increase  in  volume  from  0° 
to  50°  0.  is  greater  than  that  of  quartz  sand,  sandy  loam,  silt  loam,  Clyde 
silt  loam,  and  clay  but  is  261.4  cc.  less  than  that  of  peat.  This  is  indeed 
very  interesting^  the  half  cubic  foot  tube  filled  with  moist  peat  and  hav- 
ing a  pore  space  of  61f10  cc,  should  give  ft  greater  increa'Se  in  volume  of 
air  from  a  temperature  rise  of  from  0°  to  50°  C.  than  the  same  half 
cubic  foot  tube  containing  nothing  but  dry  air,  and  having  a  pore  space 
of  14^60  cc.  On  the  other  hand,  when  the  air  of  this  empty  tube  is  not 
previously  dried,  the  increase  in  volume  for  every  10°  0.  raise  of  tem- 
perature ascends  exactly  as  that  of  the  moist  soils,  and  that  the  total 
volume  increase  is  far  greater  than  that  of  all  the  soils,  including  peat. 
This  difference  in  the  results  between  the  dry  and  moist  air  in  the  tube 
suggested  the  explanation  as  to  the  cause  of  the  difference  between  the 
actual  and  calculated  results  already  considered. 

Taking  up  now  table  10  with  the  air  dry  soils,  it  will  be  seen  that  the 
results  follow  in  order  those  of  the  moist  soils.  The  only  difference  is 
that  in  the  former  the  actual  increase  in  volume  with  the  various  incre- 
ments of  temperature  is  not  so  marked  and  so  regular,  and  that  the  total 
volume  increase  is  not  so  great,  as  in  the  latter.  An  explanation  far 
these  apparent  variations  will  be  offered  subsequently. 

Table  11  and  the  accompanying  figure  14  show,  as  already  stated,  the 
pressure  exerted  in  atmospheres  of  mercury  by  the  moist  soils  contained 
in  the  tube  of  152  cc.  capacity,  or  in  half  cubic  foot  (14,160  cc.)  tube. 
An  examination  of  these  data  will  at  once  reveal  the  foot  that  the  pres- 
sure produced  by  the  increase  in  volume  with  rise  in  temperature  is 
tremendous.  The  amount  of  pressure  that  would  actually  be  produced 
by  raising  the  temperature  of  the  upper  half  cubic  foot  of  soil  from  0° 
to  10°  C.  amounts  3.187  atmospheres  in  quartz  sand,  3.187  in  sandy  loam, 
3.187  in  silt  loam,  3.379  in  Clyde  silt  loam,  3.308  in  clay,  and  4.291  in 
peat.  This  pressure  increases  in  all  the  soils  regularly  and  rapidly  with 
a  rise  in  temperature  so  that  the  temperature  elevation  of  from  40°  to 
50°  C.  the  pressure  exerted  by  the  quartz  sand  is  6.  436  atmospheres,  by 
the  sandy  loam  6.498,  by  the  silt  loam  6.498,  by  the  Clyde  silt  loam 
6.734,  by  the  clay  6.616  and  by  the  peat  8.337.  Evidently  the  pressure  in- 
creases as  abnormally  as  the  volume,  and  consequently  both  must  possess 
a  common  cause.  Theoretically,  the  amount  of  pressure  produced  by  the 
various  10°  C.  increments  must  be  the  same  as  the  results  of  the  empty 
tube  show,  which  were  obtained  from  dried  air. 

The  foregoing  abnormalities,  both  in  the  volume  and  pressure  increase 
with  a  continued  rise  in  temperature,  and  the  great  deviation  from  the 
theoretical  volumes  as  calculated  from  the  porosity  of  the  soil,  are  due 
(1)  to  the  pressure  or  expansion  of  the  water  vapor,  and  (2)  to  the 
gases  absorbed  by  the  soils  and  given  off  at  the  various  temperatures. 

As  already  mentioned,  water  is  transformed  into  vapor  by  the  ap- 
plication of  heat  and  the  quantity  vaporized  increases  with  rise  of 
temperature,  and  is  usually  deduced  from  the  pressure  exerted.  The 
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following  table  shows  the  great  influence  that  temperature  has  upon 
the  vapor  pressure. 

TABLE  12.— TENSION  OF  AQUEOUS  VAPOR. 


Temperature. 

Pressure  in  1 
millimeters. 

Temperature. 

Pressure  in 
millimeters. 

o«.o 

4.5687  i 

30«».0 

31.5096 

5*.0 

6.6067 

35°.  0 

41.827 

10«.0 

0.1398  1 

40°.  0 

64.906 

12.6739  1 

46°.  0 

71.391 

20°.  0 

17.3632  1 

60°.  0 

91.982 

25°.  0 

23.5174  1 

It  will  be  seen  that  the  vapor  pressure  increases  very  regularly  and 
rather  markedly  with  rise  in  temperature.  At  the  temperature  of  0°  C. 
the  pressure  is  4.5687  millimeters,  while  at  50°  C.  it  is  91.982  milli- 
meters. From  these  figures  it  can  be  easily  conceived  why  the  volume  of  air 
expelled  from  the  moist  soils,  and  the  pressure  exerted  by  the  air  of  the 
same  soils,  do  not  follow  the  laws  of  Charles,  but  instead,  they  increase 
differently  at  the  various  temperatures,  and  that  the  actual  values  are 
far  greater  than  the  theoretical.  To  obtain,  therefore,  the  real  increase 
in  volume  and  pressure  of  the  air  alone,  containing  no  moisture,  the 
increase  in  volume  and  pressure  due  to  the  aqueous  vapor  must  be  de- 
ducted from  the  foregoing  experimental  data.  This  can  be  done  by 
the  use  of  suitable  formulae  but  it  would  be  of  no  practical  value  be- 
cause the  data  then  would  not  show  the  complete  influence  of  tempera- 
ture upon  soil  ventilation.  The  expansion  or  pressure  of  this  aqueous 
vapor  is  dependent  upon  the  temperature  and  upon  the  nature  of  the 
liquid,  but  it  is  not  affected  by  the  pressure  of  other  gases  nor  by  the 
amount  of  the  liquid  present.  If  a  closed  space,  such  as  the  tube  here  used 
is  filled  w^ith  a  mixture  of  gases,  each  gas  will  exert  a  definite  pressure 
which  is  the  same  whether  it  exists  alone  in  the  space  or  whether  other 
gases  are  present.  The  total  pressure  of  the  gas  mixture  is  the  sum 
of  the  partial  pressure  of  the  various  gases.  The  partial  pressure  of  the 
aqueous  vapor  can  be  determined  by  the  formula  already  given,  pro- 
vided the  gas  is  saturated.  In  the  moist  soil  the  air  was  saturated, 
but  in  the  dry  soils  it  was  not,  and  some  irregularities  observed  in  the 
latter  soils,  are  attributed  to  this  fact. 

As  already  stated  it  has  long  been  known  that  absoption  of  gases 
by  solids  decreases  with  temperature.  This  fact  was  verified  in  the 
present  investigation.  In  order  to  ascertain  to  what  extent  absorption 
influenced  the  foregoing  abnormal  results,  on  soil  aeration,  a  series  of 
experiments  was  conducted  upon  the  subject.  The  problem  was  in- 
vestigated by  filling  the  usual  tube  with  air  dry  soil  and  drying  the 
latter  in  an  oven  for  several  hours  at  a  temperature  of  105**  C.  By 
holding  the  tube  horizontally  the  solid  rubber  stopper  and  the  rubber 
stopper  which  contained  the  bent  tube,  were  inserted  at  the  opposite 
ends.  To  the  bent  tube  was  attached  also  a  tube  containing  CaCls- 
As  the  soil  cooled  it  drew  air  through  the  CaClg,  the  latter  absorbed 
the  water  vapor  and  thus  dried  the  air  as  it  entered  the  soil  tube.  The 
soil  was  cooled  to  0°  C.  and  allowed  to  remain  at  that  temperature  for 
a  few  hours  to  absorb  gas  and  come  to  an  equilibrium.  The  temperature 
was  then  raised  to  different  degrees  and  the  gas  expelled  measured  in 
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the  usual  manner.  The  quantity  of  gas  given  off  was  taken  as  a  meas- 
ure of  the  amount  that  would  be  absorbed  at  the  same  temperature 
since  expulsion  is  the  reciprocal  of  absorption.  Attention  must  be 
called  here,  how^ever,  to  the  fact  that  the  porosity  of  the  material  comes 
into  play  and  consequently  not  all  of  the  gas  given  off  or  taken  np 
at  the  various  temperatures,  is  due  to  absorption.  The  soils  employed 
were  the  same  as  those  in  the  preceding  series  of  experiments.  The 
results  obtained  are  detailed  herewith. 


TABLE  13.— EFFECT  OF  TEMPERATURE  ON  ABSORPTION  OF  GASES. 


Sou. 

Dry  wt. 
of  soils. 

Capacity 
of  tube. 

0-10°C. 
c.  c. 

lO^O^C. 
c.  c. 

20-30°C. 
c.  c. 

30-40»C. 
i  c.  c. 

40-50*»C. 
c,  c. 

Total 
c.  c. 

202.5 

152 

3.3 

2.8 

2.8 

2.8 

2.5 

14.2 

221.6 

152 

3.9 

3.6 

3.0 

3.0 

2.6 

16.1 

164.5 

152 

5.0 

4.3 

4.2 

4.0 

3.6 

21.1 

Clay  

182.5 

152 

4.8 

4.4 

4.2 

4.1 

3.8 

20.30 

Peat  

02.0 

152 

6.1 

6.4 

5.0 

4.9 

4.5 

25.9 

It  will  be  seen  from  the  above  table  that  the  Jimount  of  air  given 
off  (or  absorbed),  decreases  regularly  and  gradually  with  temperature. 
It  will  also  be  observed  that  the  total  quantity  is  greatest  in  peat  and 
decreases  with  Clyde  silt  loam,  clay,  sandy  loam  and  quartz  in  order 
respectively. 

From  these  results  it  is  evident  that  absorption  of  gases  by  dry  soils 
influences  the  ajration  of  soils  principally  at  the  lower  temperatures  and 
that  at  the  higher  temperature  it  is  the  aqueous  vapor  which  plays  the 
most  important  and  greatest  role. 

It  should  be  mentioned,  however,  in  passing  that  a  certain  amount  of 
the  gases  expelled  from  moist  soil  with  the  elevation  of  temperature  is 
due  also  to  that  absorbed  by  the  soil  water.  How  much  of  the  total 
volume  owes  its  origin  to  this  source  it  cannot  be  stated  definitely  as  no 
experimental  work  was  performed  on  the  subject,  but  probably  it  is  com- 
paratively very  small. 

Thus  we  see  that  temperature  has  a  tremendous  influence  upon  soil 
aeration  and  in  a  manner  not  heretofore  altogether  realized.  It  is  true 
that  the  diurnal  temperature  amplitudes  are  not  very  appreciable  below 
six  inches,  but  above  this  depth,  which  constitutes  that  layer  of  soil  most 
tilled,  they  are  very  large,  and  especially  in  certain  regions  of  the  world. 
Field  experiments  on  soil  temperature  at  this  Station,  which  have  been 
running  for  four  years,  show  that  the  diurnal  fluctuation  in  temperature 
in  the  different  types  of  bare  soil,  is  sometimes  as  high  as  25°  C.  for 
the  first  inch  depth,  15°  for  the  second,  13°  for  the  third,  10°  for  the 
fourth,  8°  for  the  fifth,  and  6°  for  the  sixth,  making  an  average  of  about 
13°  C.  for  the  upper  six  inches.  As  a  rule  these  fluctuations  are  larger 
for  the  sandy  soils  and  smaller  for  the  muck  arid  peat  and  still  smaller  in 
cropped  soils.  During  the  warm  part  of  the  year  there  occurs  very  often 
excessive  hot  and  cold  days  only  a  short  distance  apart.  The  difference 
between  the  maximum  soil  temperature  of  the  excessively  hot  day  and 
the  minimum  soil  temperature  of  the  excessivelv  cold  day  sometimes 
amounts  to  40°  C.  at  the  upper  first  inch  of  soil.  '  On  the  other  hand,  it 
must  also  be  remembered  that  the  soil  temperature  undergoes  great 
changes  between  summer  and  winter  and  the  influence  of  temperature  on 
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soil  aeration  must  be  considered  from  tliis  standpoint  also.  Hence,  the 
temperature  ranges  employed  in  this  investigation  are  within  the  limits 
of  the  diurnal  and  seasonal  changes  that  actually  occur  in  the  soil. 

At  this  point  the  reader  may  appear  to  be  noticing  certain  discrepan- 
cies in  the  conclusions  of  the  present  research  in  comparison  with  those 
on  the  "Movement  of  Moisture  from  Moist  and  Warm  Column  of  Soil  to 
Dry  and  Cold  Column  of  Soil  with  an  Air  Space  between  the  two  Col- 
umns." In  this  latter  research  it  was  concluded  that  the  amount  of 
water  moved  through  vapor,  from  a  point  of  high  to  a  point  of  low  tem- 
perature, and  the  amount  of  water  lost  from  the  soil  through  diffusion  of 
water  vapor,  are  practically  negligible.  In  the  present  research,  it  has 
been  seen  that  temperature  causes  the  expulsion  of  enormous  amounts 
of  gas  from  the  soil,  and  that  this  abnormal  increase  in  volume  of  gas 
expelled  is  due  to  aqueous  vaj)or.  The  reader  may  now  ask.  How  are 
these  facts  reconciled,  It  rise  of  temperature  causes  the  expulsion  of 
air  from  the  soil  which  contains  moisture,  then  the  amount  of  water  lost 
from  the  soil  through  vapor  alone  must  be  very  large.  The  answer  to 
these  questions  will  be  found  in  the  following  table  which  contains  the 
amount  of  water  vapor  required  to  saturate  a  given  quantity  of  air  at 
different  temperatures.  The  amount  of  water  vapor  which  saturates  a 
given  quantity  of  air  is  usually  expressed  in  grains  per  cubic  foot  or 
grams  per  cubic  meter,  or  it  may  be  expressed  in  terms  of  the  pressure 
which  it  exerts  in  millimeters  or  inches. 


TABLE  14.— AMOUNT  OF  WATER  VAPOR  REQUIRED  TO  SATURATE  A  GIVEN  QUANTITY 
OF  AIR  AT  DIFFERENT  TEMPERATURES. 


Temperature 
degrees  F. 

Vapor 
pressure, 
inches. 

Amount  of 
water  vapor 
in  grains 
per  cu.  ft. 

Temperature 
degrees  C. 

Vapor 
pressure, 
ra.  m. 

Amount' of 
water  vapor 
in  grains 
per  cu.  m. 

0 
10 
20 
30 
40 

4.57 
9.14 
17.36 
31.51 
54.87 

4.87 
9.36 
17.15 
30.08 
60.67 

30  

40  

50  

0.166 
0.246 
0.360 
0.517 
0.732 
1.022 
1.408 
1.916 

1 .97 
2.86 
4.09 
6.76 
7.99 
10.95 
14.81 
19.79 

60  

70  

i:::::::  .'■ 

80  

90  





100  

Considering  the  figures  of  the  Centigrade  scale  it  will  be  seen  that  the 
amount  of  water  contained  in  a  cubic  meter  (1000  liters)  of  saturated 
air  at  20°  C.  is  only  17.15  grams.  That  means  that  if  1000  liters  of 
saturated  air  are  expelled  from  the  soil  at  the  temperature  of  20*^  C. 
only  17.15  grams  of  water  will  be  lost  from  the  soil.  In  table  10,  it  is 
shown  that  by  raising  the  temperature  of  one-half  cubic  foot  of  soil  from 
0°  to  50""  O.  only  about  two  liters  of  air  will  be  expelled  from  the  mineral 
soils  and  about  three  liters  from  the  peat.  On  the  other  hand,  the  air 
expelled  from  the  soil  as  the  temperature  rises,  cannot  be  said  that  it  is 
always  saturated.  Hence,  the  amount  of  water  that  may  be  lost  from  the 
soil  through  expulsion  of  soil  air  incident  to  soil  ventilation,  is  in- 
significant. 

Before  closing  this  section,  one  more  point  should  be  considered; 
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namely,  the  effect  of  temperature  upon  the  atmospheric  pressure,  and 
its  influence  in  turn  upon  the  aeration  of  soils. 

The  diurnal  variation  of  the  atmospheric  pressure  may  be  classified 
thus :  the  chief  maximum  usually  occurs  at  about  10  in  the  morning,  the 
chief  minimum  at  4  in  the  afternoon,  a  secondary  maximum  at  10  in  the 
evening,  and  a  secondary  minimum  at  4  in  the  morning.  The  pressure  is 
thus  subject  to  double  oscillation  in  the  course  of  a  day.  The  amplitude 
or  amount  of  daily  variation  is  always  small,  never  amounting  to  more 
than  0.2  of  an  inch,  and  in  many  places  being  often  less  than  a  tenth 
of  this. 

Now,  temperature  undoubtedly  plays  a  large  part  in  causing  this 
diurnal  variation  but  the  exact  way  in  which  it  operates  to  produce  the 
result  cannot  be  satisfactorily  stated.  Theoretically,  however,  the  maxi- 
mum would  be  expected  at  the  time  of  least  temperature,  that  is,  at 
about  sunrise,  and  the  minimum  at  the  highest  temperature,  that  is, 
from  1  to  about  3  o'clock  in  the  afternoon.  At  these  respective 
periods  the  surface  soil  also  attains  its  maximum  and  minimum  tem- 
perature. At  these  maximum  and  minimum  temperatures  there  occurs 
the  greatest  amount  of  gas  exhaled  or  inhaled.  Hence,  atmospheric  pres- 
sure, as  influenced  by  temperature,  tends  to  aid  in  the  ventilation  of  soil, 
but  in  a  very  small  degree,  if  any,  since  its  diurnal  variation  is  so  in- 
significant. 


SUMMARY. 

.  In  this  bulletin  there  are  presented  the  results  of  an  investigation  upon 
the  influence  of  temperature  on  certain  physical  processes  in  the  soil, 
such  as  the  capillary  movement  and  retention  of  moisture,  gravitational 
flow  of  water,  thermo-osmose,  gas  flow,  aeration  of  soils,  etc.  It  was  point- 
ed out  at  the  outset  that  the  influence  of  temperature  upon  these  physical 
processes  in  the  soil  lacked  experimental  study  and  consequently  our 
knowledge  consisted  almost  entirely  from  a  priori  deductions  from  the 
physical  laws  of  surface  tension  of  liquids,  viscosity  of  liquids  and  gases, 
and  expansion  of  gases,  as  affected  by  temperature.  The  general  prob- 
lem was  subjected  to  an  experimental  study  and  the  results  obtained 
may  be  summarized  as  follows: 

The  investigation  upon  the  effect  of  temperature  on  the  movement  of 
water  vapor  and  capillary  moisture  in  soils  shows  that : 

(1)  When  one-half  of  a  column  of  soil  of  uniform  moisture  content  is 
maintained  at  20°  and  40°  C.  and  the  other  half  at  0°  O.  for  eight  hours, 
the  percentage  of  water  moved  from  the  warm  to  the  cold  soil  increases 
in  all  the  different  types  of  soil  with  rise  in  moisture  content  until  a  cer- 
tain water  content  is  reached  and  then  it  decreases  with  further  increase 
in  moisture  content.  The  results  then  plot  into  a  parabola.  The  per- 
cent of  moisture  at  which  the  maximum  thermal  translocation  of 
water  occurs  is  different  for  the  various  classes  of  soil,  but  the  percentage 
of  the  maximum  thermal  translocation  of  water  is  about  the  same  for 
all  classes  of  soil  for  any  one  of  the  temperature  amplitudes.  The  percent- 
age of  moisture  at  which  this  maximum  thermal  translocation  occurs  is 
designated  as  thermal  rrifical  moisture  contervt. 

These  results  are  contrary  to  what  might  be  expected  from  the  laws 
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of  surface  tension  and  viscosity.  They  have  led  to  the  conclusion  that 
the  capillary  movement  of  water  in  moist  soils  is  not  controlled  entirely 
by  the  curvature  of  the  capillary  films,  as  is  generally  believed,  but  also 
by  the  unsatisfied  attractive  forces  of  the  soil  for  water. 

(2)  When  a  moist  column  of  soil  is  kept  at  20°  and  40°  C.  and  a 
dry  column  of  soil  at  0°  C.  for  eight  hours,  and  the  two  columns  are 
separated  by  an  air  space,  the  percentage  of  moisture  distilled  over  from 
the  moist  and  warm  column  to  the  dry  and  cold  column  of  soil  is  very 
insignificant  for  both  amplitudes  of  temperature,  and  about  the  same  for 
all  moisture  contents. 

These  results  lead  to  the  conclusion  (a)  that  the  amount  of  water  lost 
from  the  soil  by  water  vapor  is  very  small,  (b)  that  there  is  no  rising  of 
vapor  during  the  night  from  the  warmer  soil  below  to  the  cold  soil  above, 
and  (c)  that  the  source  of  water  of  the  dew  is  not  derived  from  the  soil 
vapoi:,  as  is  commonly  believed. 

(3)  When  a  moist  column  of  soil  is  in  contact  with  a  dry  column  of 
soil  and  the  former  is  kept  at  20°  and  40°  C.  and  the  latter  at  0°  C. 
for  eight  hours,  the  amount  of  moisture  moved  from  the  moist  and  warm 
soil  to  the  dry  and  cold  soil  increases  with  temperature  and  with  mois- 
ture content.  But  when  the  moist  column  of  soil  is  maintained  at  0°  C. 
and  the  dry  column  of  soil  at  20°  and  40°  C.  for  the  same  number  of 
hours,  there  is  very  little,  if  any,  movement  of  water  from  the  former  to 
the  latter. 

These  results  have  led  to  the  conclusion  that  temperature  has  a  very 
marked  influence  on  the  conservation  of  moisture  by  mulches. 

(4)  No  thermo-osmotic  phenomena  were  observed  in  soils. 

(5)  The  research  on  the  effect  of  temperature  on  the  rate  of  perco- 
lation of  water  in  soils  shows  that  in  the  case  of  sandy  loam,  silt  loam,, 
clay  loam,  clay  and  muck  the  rate  of  flow  increases  wath  rise  in  tempera- 
ture up  to  about  30°  C.  and  then  decreases  with  further  rise  in  tempera- 
ture. In  the  case  of  sand,  however,  the  rate  of  flow  increases  with  a  con- 
stantly rising  of  temperature.  In  the  former  soils  the  results  are  explained 
under  the  hypothesis  that  the  colloidal  material  present  swells  with  in- 
crease in  temperature  and  tends  to  close  the  channels  through  which  the 
water  flowed. 

(6)  The  water  holding  capacity  of  soils  decreased  with  rise  in  tem- 
perature, but  this  decrease  is  not  due  entirely  to  the  diminished  surface 
tension  of  the  soil  water  but  also  to  other  factors. 

(7)  The  rate  of  flow  of  air  through  soils  decreases  with  rise  in  tem- 
perature. This  dimunition  is  not  entirely  due  to  the  increased  viscosity 
of  the  gases,  but  in  addition  to  some  changes  which  the  temperature  pro- 
duces in  the  soil. 

(8)  Temperature  has  a  tremendous  influence  upon  the  aeration  of 
soils.  This  influence  is  not  due  merely  to  the  expansion  of  gases  of  the 
soil,  as  is  commonly  believed,  but  also  to  the  absorption  of  gases  by  the 
soil  at  different  temperatures,  and  to  the  aqueous  vapor. 
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FOREWORD. 


This  bulletin  entitled  "A  Simplified  Apparatus  for  Measuring  the  Con- 
ductivity of  Electrolytes"  is  mainly  technical  physics  and  discusses 
the  means  of  improving  and  making  more  accurate  the  methods  of  de- 
termining the  conductivity  of  solutions.  The  bearing  that  this  has  on 
certain  plant  physiological  investigations  comes  from  the  fact  that  in 
studying  the  question  of  nutrition,  in  particular,  of  the  absorption  of 
water  and  mineral  nutrients,  it  is  essential  to  have  very  accurate  means 
of  determining  the  salt  content  of  the  solutions  used  before,  during,  and 
at  the  close  of  experiments. 

When  Dr.  Hibbard  began  experiments,  the  known  methods  were  found 
to  be  either  comparatively  crude,  or  exceedingly  complicated,  but  with 
the  help  of  Professor  Chapman  he  has  simplified  the  apparatus  very 
greatly  while  at  the  same  time  he  has  improved  its  accuracy  to  an  equal 
degree. 

I  feel  that  this  bulletin  will  be  of  value  to  workers  in  similar  lines 
elsewhere  as  well  as  to  physicists  and  chemists  in  general  who  demand 
vei-y  accurate  means  of  determining  in  the  electrical  way  the  salt  content 
of  solutions. 

ERNST  A.  BESSEY. 

2 


Digitized  by 


Google 


Digitized  by 


Google 


TABLE  OF  CONTENTS. 


1.  Introduction. 


2.    Consideration  of  the  sources  of  error. 
Source  of  current. 
Indicator  or  detector. 
Resistances. 
Resistance  cells. 
Summaiy. 

X    The  simplified  resistance  measuring  apparatus. 
Source  of  current. 
Detector. 
Bridge. 
Resistance. 
Electrolytic  cell. 
Thermostat. 

4.  Method  of  operation. 

5.  Experimental. 
(>.  Conclusion. 

7.  Acknowledgments. 

8.  Reference  List. 


Digitized  by 


Google 


Digitized  by 


Google 


A  SIMPLIFIED  APPARATUS  FOR  MEASURING  THE  CONDUC- 
TIVITY OP  ELECTROLYTES. 


R.  P.  HIBRARD^  RBSBARCH  ASSISTANT  IN  PLANT  PHYSIOLOGY. 
C.  W.  CHAPMAN,  ASSISTANT  PROFESSOR  OP  PHYSICS. 

1.  INTRODUCTION. 

The  most  important  problem  in  plant  physiology  is  doubtless  the 
ofeneral  one  of  nutrition.  Under  this  heading  there  are  numerous  sub- 
sidiary problems  which  have  partially  or  entirely  evaded  explanation. 
Until  recent  years  physiologists  have  had  to  depend  upon  the  known  facts 
of  physics  and  chemistry,  but  now  the  closely  allied  subject  of  physical 
chemistry,  which  has  been  making  rapid  strides  in  the  past  ten  or 
fifteen  years,  reveals  many  principles  which  offer  invaluable  aid.  It  is 
true  that  many  subjects  in  this  comparatively  new  science  do  not  touch 
directly  the  activities  of  plants,  but  there  are  others  which  concern  the 
student  of  plant  physiology  very  closely.  The  newer  knowledge  of 
solutions  is  of  fundamental  importance.  In  no  condition  outside  and 
inside  the  plant  does  matter  play  a  more  important  physiological  role  than 
in  a  state  of  solution  in  water.  Some  soil  solutions  are  dilute  in  respect 
to  .the  minerals  present  in  them  and  no  doubt  the  solutes  undergo  a  more 
or  less  complete  dissociation,  the  former  being  true  at  infinite  dilution. 
These  solutes  no  longer  exist  as  definite  chemical  compounds  but  are  split 
up  into  part-molecules  or  ions  each  of  which  carries  a  charge  of  electricity 
and  thereafter  whatever  projierties  the  solutions  may  possess  are  due  to 
the  properties  of  these  ions  and  the  undissociated  molecules  when  pres- 
ent. 

The  plasma  membrane  surrounding  the  living  portion  of  each  cell  pre- 
vents the  entrance  of  any  substance  not  in  solution.  Thus  the  knowledge 
of  the  behavior  of  solutions  is  of  greatest  value  for  a  proper  interpreta- 
tion of  the  absorption  of  electrolytes  from  the  soil.  Recent  data  obtained 
from  conductivity  measurements  lend  support  to  the  theory  that  the 
solutes  in  the  soil  solution  enter  the  plant  in  ionic  form.  The  general 
problem  of  permeability  has  received  added  impetus  through  the  applica- 
tion of  certain  principles  of  physical  chemistry.  To  the  plasma  membrane 
has  been  assigned  the  property  of  selective  permeability  and  it  is  here 
also  probable  that  we  are  concerned  with  ion  permeability.  Perhaps  the 
most  accurate  and  at  any  rate  the  simplest  method  for  determining  the 
changes  in  permeability,  since  doubt  has  been  cast  on  the  plasmolytic 
method,  is  the  one  of  electrical  conductivity.  In  the  hands  of  Prof.  W. 
J.  V.  Osterhout  (19-31)  the  method  has  brought  out  many  interesting 
facts.  Permeability  is  altered  by  a  variety  of  substances  and  conditions, 
and  the  plasma  membrane  is  proteid  rather  than  lipoidal  in  nature.  The 
cell  must  be  considered  as  a  dynamic  entity  passing  through  various 
transformations  and  existing  in  a  medium  that  is  continually  changing 
in  a  chemical  and  in  a  physical  way.  These  complex  conditions  must  give 
rise  to  new  relations  between  the  membrane,  the  various  parts  of  the 
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cell,  and  its  environment.  Consequently  the  permeability  of  the  mem- 
brane will  be  constantly  changing.  It  is  better  to  accept  the  view  of 
selective  permeability,  though  we  cannot  explain  it  in  its  intricate 
phases,  than  to  assume  that  the  membrane  is  quite  impermeable  to  many 
of  the  solutes  and  that  when  these  do  penetrate,  the  membrane  must 
"leak." 

The  concentration  of  the  cell  sap  is  rarely  or  never  the  same  as  that  of 
the  solution  outside  the  plant,  or  in  the  conducting  tissues  of  the  plant. 
There  is  therefore  .established  a  movement  of  water  into  the  cell,  and  a 
production  of  a  hydrostatic  pressure  equivalent  to  the  osmotic  pressure 
of  the  dissolved  substances.  This  pressure  pushes  the  protoplasm  out- 
ward and  keeps  the  membrane  tense  and  rigid.  Osmotic  pressure  there- 
fore has  a  definite  function.  It  maintains  and  regulates  turgor.  A 
knowledge  of  solutions  is  necessary  to  a  proper  understanding  of  this 
phenomenon. 

Much  information  has  been  collected  to  show  that  the  molecules  of  sol- 
utes obey  the  well  known  laws  of  gases.  A  substance  in  solution  in  water 
acts  essentially  as  a  gas.  These  particles  are  not  so  free  to  move  as  in 
the  gaseous  state  because  of  the  friction  between  them  and  the  molecules 
of  water  and  thus  great  pressures  are  necessary  to  move  them  through 
the  water  or  to  separate  them.  This  applicability  of  the  laws  of  gases  to 
solutes  has  made  evident  the  proper  basis  of  comparison  between  solu- 
tions of  different  compounds.  So,  now,  solutions  for  comparison  are 
equimolecular  ones,  and  are  not  made  on  the  percentage  basis.  We  must 
take  this  fact  into  consideration  in  studying  the  influence  of  different  salt 
solutions  or  nutrient  solutions  on  the  physiology  of  plants.  The  problems 
of  balanced  solution  and  antagonistic  action  have  depended  almost  en- 
tirely for  their  explanation  on  a  knowledge  of  physical  chemistry. 

Conductivity  measurements  have  helped  immensely  in  the  study  of  the 
influence  of  concentration  on  the  absorption  and  excretion  of  soiutes  by 
the  roots  of  plants  while  growing  in  dilute  culture  solutions.  There  is  a 
certain  concentration  for  each  salt  or  mixture  of  salts  at  which  the  roots 
excrete  and  absorb  electrolytes  at  the  same  rate.  At  certain  concentra- 
tions on  either  side,  one  function  overbalances  the  other.  Thus  a  knowl- 
edge of  the  culture  concentration  which  is  best  fitted  for  the  development 
of  the  plant  can  be  obtained  through  conductivity  studies.  The  con- 
ductivity method  is  the  easiest  and  most  accurate,  since  the  resistance 
to  the  passage  of  an  electric  current  is  a  function  of  the  number  of  ions 
present  in  the  solution,  and  the  number  of  ions  is  in  turn  the  index  of  the 
concentration.  This  is  true  only  in  dilute  solutions  where  complete  dis- 
sociation has  taken  place. 

The  presence  or  colioias,  tnat  are  of  constant  occurrence  in  the  soil, 
£dves  rise,  in  the  soil  solution,  to  a  phenomenon  called  adsorption.  Altho 
a  subject  containing  little  that  is  definitely  known,  it  is  nevertheless  of 
much  importance.  A  more  thorough  study  from  the  vantage  point  of  our 
present  knowledge  of  physical  chemistry  should  clear  up  much  of  the 
haze  that  envelops  this  subject.  Physical  adsorption  as  it  is  often  called 
to  distinguish  it  from  absorption  and  chemical  combination  is  defined  as 
a  concentration  of  one  component  on  the  interface  between  two  phases. 
In  dilute  solution  the  solute  is  very  likely  adsorbed  in  ionic  condition  and 
if  the  assumption  is  true,  that  the  adsorbed  ions  are  then  inoperative, 
the  conductivity  of  the  solution  would  be  a  measure  of  the  amount  of 
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adsorption.  In  complex  systems  special  conditions  would  arise  and  in- 
troduce errors  which  would  have  to  be  rectified  in  some  way,  in  order  to 
make  this  method  applicable. 

Certain  physiologists,  pathologists,  biochemists,  and  others  have  made 
use  of  conductivity  methods,  but,  because  of  inaccuracies  and  difficulties 
attendant  upon  a  measurement,  comparatively  little  work  except  of  a 
general  nature  has  been  done.  The  names  of  Roth  (3»3),  Bugarzky  and 
Tangle  (3),  Sjoquist  (37),  Stewart  (35),  Woefel  (45),  Oker-Blom  (18) 
and  McClendon  (16)  stand  out  prominently.  Their  work  was  mostly 
concerned  with  the  blood  of  animals  and  the  eggs  of  shell  fish.  Osterhout 
f  19-31),  True  and  Bartlett  (39-40),  Dixon  and  Atkins  (6,7),  Stiles  and 
Jorgensen  (36),  Bouyoucos  (2),  and  others  have  entered  the  field  from 
the  botanical  side.  Bayliss  has  collected  data  on  the  hydrolysis  of  vari- 
ous proteids  by  the  action  of  trypsin.  He  measured  the  increase  in  con- 
ductivity brought  about  by  the  reaction  of  the  enzyme.  Ziegel  (46), 
van  Suchtelen  and  Itano  (41)  have  described  electro-titrametric  methods 
for  determining  the  end  point  in  reaction.  Ktister  and  Griiters  (15)  used 
the  conductivity  method  as  an  indicator  of  neutrality  in  the  titration  of 
weak  acids  by  strong  bases.  They  also  used  the  same  method  to  determine 
the  acidity  of  colored  liquids  where  the  color  change  of  the  indicator 
would  be  masked.  Hall  and  Bell  (8),  and  Patten  and  Robinson  (32) 
working  independently  of  each  other  applied  the  method  of  conductance 
to  the  determination  of  the  neutrality  of  ammonium  citrate  solution. 
The  work  of  Whitney  and  Means  (44)  and  Davis  and  Bryan  (4a)  was 
along  the  line  of  developing  a  simple  and  efficient  Wheatstone  bridge  that 
could  be  used  in  the  field.  This  r^sum^  of  the  literature  does  not  claim 
to  be  exhaustive,  the  only  purpose  being  to  indicate  the  lines  of  study 
and  direction  of  investigation. 

Since  the  problems,  which  in  all  probability  will  lend  themselves  to 
solution  through  the  aid  of  conductivity  measurements,  are  numerous, 
and  since  so  few  have  considered  the  results  commensurate  with  the  time, 
labor  and  patience  in  making  a  measurement,  it  is  evident  that  any  im- 
provement of  the  old  method  will  tend  to  enhance  its  value  and  lead  the 
way  to  a  clearer  understanding  of  some  of  the  little  known  biological 
problems.  The  old  method,  as  has  been  admitted,  is  not  free  from  many 
sources  of  error.  It  is  not  an  easy  matter  to  make  a  measurement  and 
more  time  than  ought  to  be  necessary  is  consumed  in  making  it.  Besides 
the  nerves  of  the  operator  are  constantly  under  strain.  With  the  changes 
suggested  in  the  following  pages,  one  is  now  able  to  obtain  a  high  degree 
of  precision  with  greater  rapidity  and  much  less  strain  on  the  nerves. 
The  correct  bridge  setting  is  determined  by  the  aid  of  the  eye  instead  of 
the  ear,  a  change  which  will  no  doubt  greatly  commend  the  method. 

In  the  spring  of  1913,  by  permission  of  the  Director  of  the  Experiment 
Station,  a  preliminary  paper  by  the  senior  author  (10)  was  published 
in  the  15th  report  of  the  Michigan  Academy  of  Science.  Shortly  before 
this,  and  while  we  were  still  working  on  the  problems,  there  appeared  in 
the  February  number  of  the  Journal  of  the  American  Chemical  Society  a 
paper  on  "An  Improved  Apparatus  for  Measuring  the  Conductivity  of 
Electrolytes,"  by  E.  W.  Washburn  and  J.  E.  Bell  (42).  The  method 
outlined  in  this  paper  was  based  upon  three  important  changes  in  the 
customary  apparatus.  Working  independently  of  these  investigators, 
we  made  our  changes  along  the  same  general  line.  However,  our  studies 
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led  US  to  introduce  a  still  further  change  in  the  apparatus.  The  two 
systems  differ  radically  in  the  type  of  detector  used.  We  used  the  alter- 
nating current  galvanometer,  while  Washburn  and  Bell  still  made  use  of 
the  telephone,  which  they  have,  however,  greatly  improved. 

The  conductivity  of  a  solution  of  any  electrolyte  is  simply  the  recipro- 
cal of  its  resistivity.  The  resistivity  of  that  solution  is  usually  measured 
by  balancing  it  against  a  known ,  standard  resistance.  The  apparatus 
used  is  the  well  known  Wheatstone  Bridge.  This  is  a  network  of  six  con- 
ductors represented  in  one  of  the  following  three  forms  all  of  which  are 
equivalent.  See  Fig.  1.  Like  letters  designate  the  same  conductors  and 
the  same  points  of  connections  in  all.  In  the  text  books  of  physical 
chemistry  the  sketches  are  more  diagramatic  usually  taking  the  form 
represented  in  Fig.  2.    The  parts  referring  to  the  six  conductors  are 
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lettered  exactly  as  in  Fig.  1.  The  letter  H  represents  the  battery  which 
actuates  the  induction  coil  K.  The  known  resistance  or  set  of  resistance 
coils  is  Y,  the  unknown  resistance  or  the  solution  whose  resistance  is 
(lesnred  is  Z.  T  is  the  telephone.  At  this  place  it  is  not  necessary  to  go 
further  into  the  theory  of  conductance  measurements  but  merely  to  call 
attention  to  the  fact  that  this  network  illustrates  the  "Null"  method  in 
which  the  quantity  being  measured  is  balanced  against  some  other  quan- 
tity and  the  point  of  equilibrum  determined  by  means  of  a  telephone. 
It  is  less  rapid  than  the  deflection  method  but  on  the  other  hand  is  much 
more  accurate  and  there  is  less  necessity  for  applying  corrections.  "Null'* 
methods  are  generally  to  be  preferred  for  all  precision  work. 

The  Wheatstone  Bridge  network  described  below  is  the  outcome  of  a 
systematic  stud}'  of  the  various  sources  of  error  in  the  ordinary  method. 
We  were  led  to  such  a  study  because  of  all  the  known  methods  for  de- 
termining the  resistance  of  electrolytes  none  proved  suitable  for  the  par- 
ticular problem  then  under  investigation.  Not  only  were  there  certain 
errors  that  could  and  should  be  eliminated,  but  the  method  we  thought 
could  also  be  simplifietl  and  made  rapid  and  easy.  It  has  been  assumed, 
in  the  case  of  dilute  nutrient  cultures  that  the  external  errors  due  to  the 
nature  of  the  experiment  are  greater  than  the  errors  due  to  the  apparatus. 
If  this  is  time  it  is  hardly  advisable  Ao  improve  the  apparatus.  However, 
the  methods  of  control  can  be  gi*eatly  improved  so  that  a  corresponding 
improvement  in  the  apparatus  is  welcomed.  It  is  obviously  better  to  con- 
trol all  the  errors  possible,  whether  of  the  apparatus  or  experimental 
technique,  than  to  be  satisfied  to  "let  well  enough  alone."  In  addition  to 
its  value  to  the  biologist  this  method  can  be  used  by  the  most  exacting 
]>hysical  chemist.  It  has  a  precision  ten  times  that  of  the  Kohlrausch 
method,  and  the  measurements  can  be  made  with  ease  and  rapidity. 
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2.    CONSIDERATION  OF  THE  SOURCES  OF  ERROR. 


SOURCE  OP  CURRENT. 

All  those  who  have  had  any  experience  with  the  usual  method  of  de- 
termining the  conductance  of  electrolytes  will  agree  that  of  all  the  parts 
of  the  apparatus  the  induction  coil  gives  the  most  trouble.  It  is  continu- 
ally getting  out  of  adjustment.  Sometimes  this  happens  while  a  measure- 
ment is  being  made.  Perhaps  one  of  the  larger  more  expensive  coils  is 
less  apt  to  get  out  of  order.  These,  however,  are  not  as  efficient  as  the 
small  cheap  ones  because  in  the  latter  the  current  that  passes  at  each 
pulse  is  small,  and  consequently,  error  from  polarization  is  negligible. 
Again,  in  the  small  cheap  induction  coils  the  vibration  of  the  "hammer" 
is  rapid  and  the  tone,  therefore,  is  high-pitched  and  more  readily  audible 
in  the  telephone.  A  tone  similar  to  the  hum  of  a  gnat  is  the  mOst  desir- 
able. 

There  is  a  more  serious*  trouble  in  the  use  of  the  induction  coil  than 
that  mentioned  above  and  for  this  reason  it  should  be  abandoned.  The 


Vig.  3, 

Curve  from  an  oscillogram  of  an  induction  coll  current.  After  E.  W.  Wasbburn.  From 
page  10,  catalogue  48,  1915,  Leeds  &  Nortbrup  Co. 


Fig.  4. 

•^T^^^^*^  from  an  osoillof^rain  of  an  Induction  coll  current  wben  operating  well.  After  B.  W. 
Wafibburn.    From  page  10,  catalog  48,  1915,  Leeds  &  Nortbrup  Co. 
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coil  does  not  give  a  current  whose  integral  value  is  zero.  In  other  words, 
the  current  is  not  alternating;  merely  pulsating  and  having  a  uni- 
directional component.  This  condition  of  affairs  gives  rise  to  polar- 
ization because  of  a  counter  e.  m.  f.  and  consequently  a  false  reading. 
Altho  we  had  assumed  that  such  errors  existed,  and  our  assumption  ap- 
0])eared  justified,  they  had  not  been  experimentally  verified.  Dr.  Wash- 
burn, however,  has  recently  shown  by  means  of  curves  obtained  from 
oscillograms,  that  these  errors  were  present.  Fig.  3  is  a  curve  taken  from 
an  oscillogram  of  an  induction  coil  current.  It  shows  clearly  that  the 
current  is  not  alternating.  Fig.  4  represents  the  e.  m.  f.  wave  when  the 
induction  coil  is  operating  well.  By  plotting  the  areas  of  the  positive 
and  negative  loops  with  a  suitable  measuring  device  it  will  be  seen  that 
they  are  not  equal,  therefore  the  e.  m.  f.  in  one  direction  is  greater  than 
in  the  other  and  we  have  a  unidirectional  current.  This  same  conclusion 
was  reached  by  Dr.  Washburn  from  another  experiment.  When  the  cur- 
rent from  the  secondary  of  an  induction  coil  is  passed  through  a  silver 
eoulometer  a  deposition  of  silver  takes  place,  hence  there  is  a  polarization 
at  the  electrode  and  the  current  is  unidirectional.  The  introduction  of 
another  electrolytic  cell  in  the  adjacent  bridge  arm  has  been  suggested  as 
a  means  of  balancing  out  the  polarization  effect.  This  unfortunately  does 
not  correct  the  trouble  because  the  cell  itself  is  a  source  of  error  especi- 
ally on  account  of  the  temperature  uncertainties. 

When  used  with  the  telephone  the  induction  coil  is  not  free  from  over 
tones  and  the  frequency  is  not  always  constant  for  a  sufficient  length  of 
time.  If  it  should  happen  to  maintain  a  constancy  for  a  sufficient  time 
it  is  apt  to  change  in  tone  unexpectedly.  Thus  an  improvement  in  the 
telephone,  which  recent  work  in  wireless  telegraphy  has  made  possible 
would  be  of  no  advantage.  Therefore,  for  precise  work,  the  induction 
coil  is  not  satisfactory. 

The  Siemens  and  Halske  high  frequency  generator,  in  connection  with 
the  telephone,  has  been  used,  but  this  only  produces  an  approximate  sine 
wave  even  when  operated  on  a  current  of  constant  potential.  To  protect 
it  from  varying  loads  and  to  detect  such  variations,  quite  an  amount  of 
auxiliary  apparatus  is  necessary.  A  110  volt  generator  to  drive  the  ma- 
chine; two  mica  condensers  to  vary  the  capacity  of  the  circuit  and  dis- 
tribute it  symmetrically  in  respect  to  the  generator ;  a  device  for  detecting 
the  frequency  and  to  indicate  when  corrections  should  be  made:  two 
rheostats,  one  to  control  the  speed  of  the  motor  and  the  other  to  vai7  the 
excitinc:  current  employed  durine  a  conductance  measurement :  and  a  hot 
wire  ammeter  to  indicate  the  condition  of  the  current,  constitute  the 
necessary  apparatus.  Such  an  array  of  apparatus  will  need  constant 
care  and  watchinis  to  keen  in  siood  workinir  order.  It  cannot  be  assembled 
in  one  place.  The  operation  of  certain  parts  interferes  with  the  proper 
working  of  others.  The  generator  because  of  the  noise  produced  by  the 
rapidly  revolving  toothed  wheel  must  be  put  away  in  a  room  some  dis- 
tance from  that  in  which  the  measurements  are  being  made.  The  operator 
must  be  in  a  quiet  place  in  order  to  determine  the  minimum  tone  through 
the  telephone.  This  auxiliary  apparatus  costs  in  the  neighborhood  of 
1300  and  if  it  constituted  all  that  was  necessary  for  determining  a  con- 
ductance measurement,  an  objection  might  not  be  forthcoming.  This  is, 
however,  only  a  small  part,  and  simply  arranges  for  a  current  of  constant 
potential  to  the  bridge.   Probably  the  best  source  of  constant  potential 
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is  the  Vreeland  Oscillator  recently  put  on  tlie  market.  It  is  the  eassiest 
to  keep  in  running  order  and  most  convenient  to  liandle.  No  condensers, 
frequency  meters,  hot  wii'e  auimetei-s,  etc.,  are  necessary.  It  is  noiseless 
and  therefore  can  be  kept  near  tlie  operator  if  need  be.  In  addition,  it 
has  the  great  advantage  of  producing  a  pure  sine  wave.  Even  in  the 
cheaper  form,  the  price  of  this  instrument  is  $225,  and  is  obviously  to</ 
much  to  lay  out  on  one  part  of  a  Wheatstone  Bridge  network. 

All  these  instruments. give  a  frequency  of  1,000  cycles  per  second.  The 
use  of  a  frequency  of  60  cycles  in  conductance  measurements  of  liquids 
will,  in  all  probability,  be  viewed  with  suspicion,  and  we  might  also  add 
that  that  was  our  earlier  attitude.  It  is  asserted  that,  working  with  such 
low  frequencies,  the  results  are  liable  to  error  from  polarization.  How- 
ever, after  the  continued  use  of  this  frequency,  in  connection  with  a  sen- 
sitive indicator  and  the  control  of  certain  other  necessary  conditions, 
over  a  period  of  two  years,  we  believe  that  the  difficulties  assumed  are 
more  apparent  than  real.  Let  us  consider  the  theory  for  a  moment.  We 
can  assume  that,  for  a  very  svmll  current  passing  for  a  short  time,  the 
e.  m.  f.  of  polarization  is  proportional  to  the  quantity  of  electricity  which 
has  passed  through  the  cell.  When  measured  by  a  balanced  Wheatstone 
Bridge  the  resistance  will  increase  with  the  time  that  the  current  is  kept 
on  and  will  always  be  higher  than  the  true  resistance.  For  this  reason 
the  use  of  the  Wheatstone  Bridge  with  direct  current  is  not  suited  to  the 
determination  of  the  resistance  of  solutions  of  electrolytes.  If,  on  the 
other  hand,  one  uses  alternating  current  and  a  sensitive  detector  the 
principle  of  the  Wheatstone  Bridge  can  be  used  with  accuracy.  This  is 
so,  quoting  from  Dr.  Korthrup  (17),  ^'because  the  e.  m.  f.  of  polarization, 
produced  by  the  current  in  one  direction,  and  which  would  lead  to  a 
balancing  of  the  bridge  giving  too  high  a  value  of  the  resistance,  will, 
upon  the  reversal  of  the  current,  either  be  neutralized  or,  if  not  neutral- 
ized, will  lead  to  a  balancing  of  the  bridge  giving  too  low  a  value  of  the 
resistance.  Thus  the  setting  actually  obtained  for  a  balance  is  the  same 
whether  polarization  is  neutralized  or  not,  as  would  be  required  were 
there  no  polarization."  A  statement  of  this  kind  from  such  an  authority 
should  cause  us  to  reconsider  our  ideas  of  the  possible  error  from 
polarization. 

It  is  a  well  known  fact  that  the  amount  of  hydrogen  separated  per 
square  centimeter  at  the  electrode  is  directly  proportional  to  tJie  current, 
passing.  By  regulating  the  current  so  as  to  make  it  small,  the  amount  ot 
.  substance  separated  at  the  electrodes,  or  in  other  words  the  nolarization 
can  be  made  negligible.  When  the  alternating  current  changes  rapidly 
such  as  it  will  at  a  frequency  of  a  thousand  we  are  told  that  polarization 
is  not  likely  to  take  place.  There  is  not  sufficient  time  for  hydrogen  to 
separate  out  before  the  phase  is  changed.  At  (>0  cycles  where  more  time 
elapses  before  the  change  to  the  other  phase  takes  place  it  has  been 
assumed  that  the  hydrogen  might  possibly  have  time  to  diffuse  into  the 
solution  and  thus  change  the  concentration.  We  are  told  that  only  under 
special  conditions  will  the  error  from  polarization  he  rendered  small 
enough  to  permit  measurements  at  GO  cycles  per  second.  These  state- 
ments above  might  lead  one  to  believe  that  we  have  taken  a  lot  for  granted 
and  accepted  without  reserve  a  lot  of  assumptions.  In  all  our  experi- 
ments we  have  not  had  any  trouble  from  polarization  which  could  not  be 
eliminated.  Because  of  the  nature  of  the  indicator  we  use  it  is  not  neces- 
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sary  to  pass  the  current  through  the  network  or  system  for  more  than  a 
second  at  a  time  and  thus  the  chance  for  error  from  polarization  is  very 
Slight  if  any.  In  addition,  if  one  platinizes  the  electrodes  well  and  then 
selects  the  proper  form  of  conductivity  cell  for  solutions  of  high  or  low 

J'esistance,  as  the  cxise  may  be,  there  is  little  danger  of  error  from 
>olarization. 


INDICATOR  OR  DETECTOR. 

There  are  a  number  of  instruments  that  have  been  used  to  determine 
when  the  solution  whose  resistance  is  desired,  is  balanced  against  the 
known  resistance  in  a  Wheatstone  Bridge  network.  The  one  that  has 
been  used  more  than  any  other  is  the  telephone.  Recent  advances  in 
wireless  telegraphy  have  had  much  to  do  with  the  improvement  of  the 
telephone.  It  is  claimed  by  some  to  be  the  best  detector,  and  because 
of  the  improvements  made  we  have  the  i)robal)le  reason  for  its  continued 
use.  For  i)recise  work  the  telephone  with  all  its  improvements  must  be 
uf<>d  in  an  absolutely  quiet  room.  An  improvised  telephone  booth  should 
be  i)rovided.  The  operator  must  also  give  his  undivided  attention  to  the 
work  of  listening.  The  strain  on  the  nerves  is  severe.  It  is  exceedingly 
liard  even  under  these  conditions  to  detect  a  "perfect  minimum"  or  a 
]H)int  at  which  no  sound  is  heard.  To  determine  the  exact  point  where 
ji  constant  but  gradually  decreasing  sound  stops,  is  difficult.  One  often 
imagines  he  hears  a  sound  when  in  reality  he  does  not.  A  continual  hum 
in  the  head  often  follows  the  o]>erator  to  his  recreation  for  some  time  after 
he  has  left  the  laboratory.  Recently  the  senior  author  was  told  that  this 
trouble  in  determining  the  "perfect  minimum"  was  obviated  by  a  certain 
attachment  on  the  telephone  which  caused  a  series  of  interrupted  noises. 
When  these  staccato  sounds  were  not  heard  the  balance  had  been 
reached.  TTp  to  the  present  time  he  has  been  unable  to  find  any  article 
describing  the  modified  telephone  but  it  appears  very  possible  that  such 
a  change  could  be  made.  An  im[)rovement  of  this  sort  wo\ild  be  welcomed. 

The  telephone  at  its  best  is  one  that  is  "tuned"  to  the  frequency  of  the 
exciting  current  and  this  is  usually  a  thousand  cycles  per  second.  Even 
the  bt^st  telephone,  however,  is  not  the  best  detector.  There  is  a  residual 
tone  that  cannot  be  eliminated  and  which  is  always  present  to  interfere 
with  the  detection  of  the  tone  of  the  machine.  The  tones  most  evident  in 
an  alternating  current  are  the  upper  partials,  especially  the  upper  third. 
One  can  modify  the  diaphragm  of  the  telephone  to  eliminate  this,  but  as 
one  corrects  one  error,  one  falls  into  another.  This  correction  would 
produce  a  sharp  tuning  curve  and  require  too  close  a  control  of  the 
frequency  which  in  turn  is  difficult  to  maintain  when  there  is  any  varia- 
tion in  the  operating  current.  An  extra  equipment  noted  above  has  to 
'  e  suppliefl.  With  the  telephone  as  the  detector  a  fairly  close  adherence 
s)  the  frequency  is  necessary.  A  deviation  of  100  cycles  per  second  halves 
the  sensitivity.  The  difficulties  attending  the  use  of  the  telephone  out- 
lined above  led  us  to  select  an  instrument  which  would  not  necessitate  the 
use  of  the  ear.  Our  best  results  were  obtained  with  the  Alternating  Cur- 
rent (lalvanometer  with  a  mirror  and  scale.  This  is  more  satisfactoiy 
than  the  tele[)hone  in  many  respects. 

Probably  the  two  greatest  factors  which  influence  the  sensitivity  of 
any  resistance  measuring  device  are  the  constant  of  the  detector  and  the 
magnitude  of  the  current.  In  the  latter  case  there  are  certain  lim^^^^j^ 
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which  are  dependent  on  the  capacity  and  heating  effects  in  the  resistances* 
and  in  the  former  the  limitations  are  only  those  that  can  be  overcome.  If 
it  were  not  necessary,  for  example,  to  load  a  galvanometer  system  with  a 
mirror  for  the  purpose  of  reading  a  deflection,  and  if  again  the  moment  of 
inertia  of  the  movable  coils  were  as  small  as  possible  and  if  still  further^ 
the  coils  were  wound  non-inductively  and  for  the  annulment  of  capacity 
then  the  galvanometer  would  have  a  large  figure  of  merit.  Progress  in 
galvanometer  construction  is  being  rapidly  made,  and  it  only  rests  with 
the  future  to  produce  an  extremly  sensitive  apparatus.  The  use  of  a 
galvanometer  of  the  dynamometer  type  as  a  detector  for  liquid  resist- 
ances was  suggested  more  than  fifteen  years  ago  by  the  late  professor 
Rowland  (34)  of  Johns  Hopkins  University.  Tt  is  surprising  to  note  that 
apparently  little  attention  has  been  given  to  this  suggestion.  The  follow- 
ing quotation  is  taken  from  his  Physical  Papers,  page  294 : 

"T  also  give  a.  few  methods  of  resistance  measurement  more  accurate 
than  usually  given  by  means  of  the  telephones  or  electrodynamometers 
as  usually  used  and  especially  suitable  for  resistances  of  electrolytic 
liquids" — "I  have  introduced  here  many  new  methods,  depending  upon 
adjusting  two  currents  to  a  phase-difference  of  90°  which  I  believe  to  be 
a  new  principle.  This  I  do  by  passing  one  current  through  the  flxeii  coil 
and  the  other  through  the  suspended  coil  of  an  electrodynamometer.  By 
this  means  a  heavy  current  can  be  passed  through  the  fixed  coils  and  a 
minute  current  through  the  movable  coil,  thus  multiplying  the  sensitive- 
ness possibly  a  thousand  times  over  the  zero  current  method."  "Using 
non-inductive  resistances,  methods  10  and  14  are  especially  good  and  I 
have  no  doubt,  will  be  of  great  value  for  liquid  resistances.  The  liquid 
resistances  must,  however,  be  properly  designed  to  avoid  polarization 
errors."  "Altogether  the  results  of  experiment  justify  me  in  claiming 
that  these  methods  will  take  a  prominent  place  in  electrical  measurements 
especially  where  fluid  resistances,  *  *  *  are  to  be  measured.  The  new 
method  of  measuring  liquid  resistances  with  alternating  currents  allows  a 
tube  of  quite  pure  water  a  meter  long  and  6  mm.  in  diameter  having  a  re- 
sistance of  10,000,000  ohms  to  be  determined  to  one  in  a  thousand  or  even 
one  in  ten  thousand.  The  current  passing  through  the  water  is  very  small, 
being  at  least  500  times  less  than  that  required  when  the  bridge  is  use^l 
in  the  ordinary  way.  Hence  polarization  scarcely  enters  at  all."  We 
reproduce  two  of  his  figures  below  (Fig.  5).  In  these  two  methods  the 
concentric  circles  are  the  coils  of  the  electrodynamometer.  Either  one 
is  the  fixed,  coil  and  the  other  is  the  hanging  coil.  Oblong  figures  are  the 
inductances  and  when  near  each  other  are  mutual  inductances.  A  pair 
of  cross  lines  is  a  condenser.  This  quotation  is  given  in  full  because 
of  its  bearing  on  the  present  work  and  to  aid  in  counteracting  the  general 
notion  that  the  telephone  is  good  enough. 

there  have  been  several  objections  to  the  use  of  the  dynamometer  bu  j 
none  of  these  appear  to  have  any  foundation.  It  has  been  claimeir^ 
that  the  most  serious  objection  arises  from  the  fact  that  the  two  cur- 
rents might  sometimes  be  in  quadrature.  In  this  case,  though  the  bridge 
is  unbalanced  and  a  current  is  passing  through  the  coils,  there  will  be  no 
deflection  of  the  galvanometer  scale.  Should  such  a  possible  condition 
arise  it  could  be  eliminated  by  the  introduction  of  a  condenser  to  produce 
a  "lead"  in  the  current.  In  all  our  experiments  we  have  never  experi- 
enced this  trouble  and  yet  if  it  should  arise  we  have  a  suitable  means  of 
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It  has  also  been  objected  that  the  necessarily  strong  current  in  the  coils 
to  produce  the  greatest  sensitivity  would  in  turn  produce  such  a  load 
on  the  electrolytic  solution  as  to  exert  a  deleterious  heating  effect.  This 
objection  is  not  valid.  Such  a  trouble  can  be  obviated  by  introducing  a 
variable  resistance  in  the  bridge  circuit  to  control  the  amount  of  current 
to  any  strength  desired.  This  heating  effect  is  sometimes  quite  appre- 
ciable, and  causes  a  very  considerable  error.   It  takes  place  in  the  more 


Fig.  5. 

Diagram  of  connections  when  using  an  electrodynamometer.  From  Henry  A.  Rowland's 
Physical  Papers,  Figs.  10  and  14,  page  802. 

concentrated  solutions.  To  determine  the  resistance  of  such  solutions 
only  a  small  amount  of  current  is  necessary.  Cutting  down  the  current 
does  not  decrease  the  sensitivity  when  working  with  such  solutions.  A 
paragraph  from  the  works  of  Professor  Rowland  concerning  the  sensi- 
tivity of  an  electrodynamometer  is  quoted  here : — "An  electrodynamo- 
meter can  be  made  to  detect  .0001  ampere  without  making  the  self  induct- 
ance of  the  suspended  coil  more  than  .0007  henrys  or  that  of  the  station- 
ary coils  more  than  .0006  henrys,  the  latter  readily  sustaining  a  current 
of  1/10  amperes  without  much  heating."   The  point  of  balance 
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The  galvanometer  has  at  least  four  advantages  over  the  telephone.  1. 
The  direction  of  the  deflection  indicates  on  wliich  side  the  bridge  is  un- 
balanced and  the  exact  balance  can  be  made  easily  and  quickly.  On  the 
other  hand  in  the  case  of  the  telephone  the  sound-  increases  equally  with- 
out distinction  for  a  departure  from  the  setting  of  the  resistance  in  either 
direction  from  that  which  gives  a  true  balance.  2.  When  the  current  is 
put  on,  the  direction  of  "creeping,"  if  there  is  any,  will  indicate  whether 
there  is  polarization  or  heating.  This  will  quickly  show  where  and  how 
the  changes  in  the  system  are  to  be  made.  3.  It  is  only  necessary  to  close 
the  switch  for  less  than  a  second  at  a  time  when  finding  a  balance.  Con- 
sequently the  possible  error  due  to  heating  or  polarization  is  negligible. 
When  using  a  telephone  the  current  is  on  all  the  time  until  the  balance  is 
found.  4.  The  eye  is  more  accurate  than  the  ear  and  even  if  the  two 
instruments  had  the  same  figure  of  merit  the  one  that  makes  use  of  the 
eye  is  preferable.  The  operator  is  not  under  a  nervous  strain  even  if  he 
desires  to  attain  an  accuracy  of  .001  of  1%: 

The  galvanometer  costs  more  than  the  telephone  but  it  is  a  well  known 
fact  that  in  general,  increased  sensibility  in  the  indicating  device  leads 
to  a  reduction  in  size  and  cost  of  all  the  rest  of  the  equii)ment  require<l. 

RESISTANCES. 

The  ordinary  resistances  and  even  the  best  grades  of  coils  put  out 
until  recent  years  are  not  suitable  when  measuring  the  resistances  of 
dilute  solutions  of  electrolytes  providing  accurate  results  are  desire<l. 
This  is  so  because  the  coils  are  not  free  from  capacity  and  inductance. 
These  are  the  two  great  sources  of  error  to  be  guarded  against  when  using 
alternating  currents.  In  a  system  like  the  Wheatstone  Bridge  every 
conductor  has  a  capacity'  especially  when  it  is  surrounded  by  other  con- 
ductors and  this  capacity  can  be  defined  as  the  ratio  of  the  charge  of 
the  conductor  to  the  potential  produced  by  the  charge.  Its  value  is  de- 
pendent on  the  form  and  dimension  of  the  conductor  and  the  nature  of 
the  dielectric.  The  electrolytic  cell  and  the  resistances  act  as  capacities 
and  vary  with  the  current  period.  High  resistance  coils  give  the  larger 
error.  With  resistance  coils  of  20,000  olims  or  more,  the  x)ower  factor  is 
large  on  account  of  tlie  poor  dielectric  which  the  resistance  contains. 
Consequently  the  capacity  is  large. 

The  general  effect  of  capacity  is  to  produce  a  "lead"  in  the  phase  and 
whenever  the  phase  difference  is  large  the  currents  are  apt  to  be  in  quad- 
rature and  in  this  case  though  a  current  jiasses  through,  no  deflection  of 
the  galvanometer  scale  is  produced.  Therefore  correct  resistance  values 
can  only  be  obtained  by  meeting  the  condition  that  the  four  arms  of  the 
bridge  are  without  appi*eciable  capacity  and  inductance.  The  new  re- 
sistance coils  are  now  wound  to  avoid  capacity  and  inductance.  The 
capacity  of  the  electrolytic  cells  is  eliminated  by  introducing  a  condenser 
of  proper  value.  Kohlrausch  (14)  drew  attention  to  this  matter  some 
time  ago,  but  it  is  only  in  recent  years  that  our  knowledge  of  condensei*s 
has  sufficiently  advanced  to  develop  one  that  is  efficient.  The  coils  in  the 
bridge  should  also  be  wound  to  avoid  capacity  and  inductance. 

The  effect  of  unbalanced  capacity  is  to  make  the  "balance  point"  less 
precise.  The  "balance  point"  is  taken  as  that  point  where -there  is  no 
deflection.  This  means  that  the  unknown  solution  in  the  cup  just  bal- 
ances the  known  resistance.  This  definition  furthgr.^a^ii@^(^^^j^Ji^roove- 
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ment  of  the  bridge,  in  either  direction,  as  much  as  a  tenth  of  a  scale 
division  should  cause  a  deflection  in  the  galvanometer  scale.  Under  some 
conditions  the  range  may  extend  a  number  of  scale  divisions  before  de- 
flection occurs.  Thus  only  an  approximate  value  is  obtained  and  the 
reading  is  not  precise.  By  using  a  condenser  this  error  can  be  corrected 
to  a  certain  extent,  but  it  is  far  better  to  avoid  the  use  of  condensers  and 
use  resistances  which  have  no  capacity. 

Again  capacity  effects  increase  with  the  frequency  and  soon  produce 
heating  which  will  raise  the  true  resistance  value  and  thus  introduce  an 
error.  At  a  frequency  of  a  thousand  cj'cles  per  second  the  current  does 
not  flow  equally  through  the  cross  section  of  the  conductor  but  is  con- 
fined mainly  to  its  outer  surface.  Consequently  when  the  current  is  not 
distributed  equally  heating  results  and  the  resistance  rises  and  there  is  a 
false  reading. 

By  using  alternating  currents  the  errors  from  self  inductance  are 
greatly  increased.  With  direct  current  self  inductance  only  occurs  at 
the  making  and  breaking  of  the  circuit.  Alternating  currents  are  not  only 
passing  forward  and  backward,  but  are  rising  and  falling  in  value  and 
such  chainges  in  a  conductor  will  induce  in  it  a  counter  e.  m.  f.  This 
self-induced  e.  m.  f.  will  be  in  such  a  direction  as  to  oppose  the  change  of 
current  which  it  produced.  The  amount  of  self  inductance  is  dependent 
on  the  rate  of  change  in  the  current.  Obviously  alternating  currents, 
and  these  at  a  high  frequency  introduce  a  great  error.  These  can  all 
be  eliminated  by  using  resistances  wound  non-inductively.  The  new 
Curtis  resistance  coils  are  such,  and  they  are  the  only  suitable  ones  for 
electrolytic  measurements. 

RESISTANCE  CELLS. 

The  solutions  or  living  plant  or  animal  tissues  to  be  studied,  are  placed 
in  certain  resistance  cups  or  cells.  The  form,  shape  and  size  of  both  the 
cups  and  the  electrodes  are  matters  of  importance.  The  accuracy  of  a 
measurement  is  dependent  to  a  great  extent  upon  the  design  of  the  cell. 
Freedom  from  impurities  must  be  assured.  The  construction  of  the  vari- 
ous parts  must  not  be  lightly  considered.  There  are  a  number  of  factors, 
which  make  it  necessary  to  construct  resistance  cells  of  various  forms. 
In  regard  to  solutions,  one  particular  form  is  not  Suitable  for  concen- 
trated and  dilute  solutions  alike.  The  form  of  the  cell  is  dependent  upon 
the  size  and  shape  of  the  electrodes  and  upon  the  distance  these  are  apart. 
In  turn  the  nature  of  the  solutions  controls  the  size  and  shape  of  the 
electrodes  and  the  distance  they  should  be  apart.  For  convenience  these 
cells  have  been  grouped  according  to  the  purpose  they  serve.  1.  Resist- 
ance cups  for  good  conducting  fluids.  2.  Resistance  cups  for  poor  con- 
ducting fluids.  Several  different  forms  are  figured  in  the  publication  of 
Kohlrausch  and  Holborn  (14)  and  recently  new  forms  by  Prof.  Washburn 
are  pictured  in  catalogue  No.  48  of  the  Leeds  &  Northrup  Company.  The 
Fritz  Kohler  catalogue  for  1909  also  shows  a  number  of  form«. 

The  electrodes  are  usually  circular  in  form  and  consequently  the  re- 
sistance desired  is  the  resistance  of  a  cylinder  of  liquid  enclosed  between 
them.  This  cylinder  is  modified  greatly  by  either  varying  the  distance 
between  the  electrodes  or  increasing  the  surface  of  the  electrodes.  As  a 
general  rule,  it  may  be  said  that  the  electrodes  must  have  a  large  surface 
and  be  close  together  when  the  solution  to  be  measure^.  i^lg^^^^^^^Bt^ 
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water"  or  a  solution  which  is  extremely  dilute  in  respect  to  its  solute 
content.  Conversely  it  follows  that  the  electrodes  must  be  far  apart  and 
the  surface  small,  if  one  wishes  to  measure  the  resistance  of  concentrated 
solutions.  In  the  former  case,  conditions  are  such  as  to  favor  the  passage 
of  a  strong  current,  while  in  the  latter  a  weaker  current  is  aUowed  to 
pass  and  a  further  hindrance  to  its  passage  is  effected  by  increasing  the 
distance  through  which  it  is  required  to  pass. 

It  is  necessary  that  the  platinum  be  of  the  best  quality  and  free  from 
lead  and  calcium.  Also  it  must  be  stiff  enough  so  as  not  to  change  shape 
or  get  out  of  position.  Otherwise  the  cell  constant  would  vary  and  intro- 
duce a  source  of  error.  Certain  modifications  of  the  cell  and  its  elec- 
trodes have  much  to  do  with  the  control  of  error  from  polarization. 
Platinized  electrodes  increase  the  surface  enormously.  Kohlrausch  esti- 
mated that  a  coating  of  platinum  black  increased  the  surface  a  thousand 
times.  With  electrodes  of  such  large  surfaces  polarization  is  negligible. 
Platinum  black  absorbs  the  gas  as  soon  as  it  is  separated  out  and  it  does 
not  therefore  modify  the  concentration  of  the  solution.  The  statement 
has  been  made  that  it  is  unnecessary  to  platinize  electrodes.  From  our 
experience  with  a  frequency  of  60  cycles  per  second  we  obtain  better  re- 
sults with  platinized  electrodes  than  with  bright  electrodes.  It  has  been 
argued  that  bright  electrodes  are  preferable  since  platinized  electrodes 
cannot  be  used  in  all  cases.  Platinum  black  acts  as  a  catalytic  agent 
under  certain  conditions  and  will  bring  about  chemical  reactions.  A 
proper  selection  of  the  solution  or  a  modification  of  the  electrodes  will 
obviate. this  difficulty.  Again,  on  account  of  the  spongy  nature  of  plati- 
num black,  it  is  argued  that  it  will  absorb  some  of  the  electrolyte,  and 
when  the  same  cell  is  used  for  another  solution  of  different  concentration 
or  character,  it  will  cause  an  error  in  the  measurement.  By  taking  a 
n«w  clean  cell,  or  by  cleaning  the  old  one  this  trouble  can  be  corrected. 

Another  factor  in  regard  to  the  construction  of  resistance  cells  must  be 
kept  in  mind.  There  must  be  the  smallest  amount  of  space  possible 
between  the  lateral  edge  of  the  electrodes  and  the  glass  walls  of  the  elec- 
trolytic cup.  When  working  with  nutrient  culture  solutions  in  different 
sized  beakers  a  new  form  of  electrolytic  cells  is  used.  This  is  called  the 
"plunger''  cell.  The  electrodes  are  enclosed  in  a  cylindrical  glass  chamber 
and  always  maintain  the  same  position  in  reference  to  the  side  walls  of 
the  chamber.  The  chamber  is  pierced  at  the  bottom  and  top  by  three 
holes.  When  this  is  plunged  into  the  liquid  in  the  beakers  the  solution 
passes  through  the  holes  and  surrounds  the  electrodes.  When  everything 
is  at  rest  a  measurement  can  be  made.  When  measuring  the  resistance 
of  living  or  dead  tissue  another  form  is  required.  This  must  be  made 
mechanically  rigid  and  allow  for  an  arrangement  whereby  the  tissues 
can  be  securely  and  firmly  clamped  between  the  electrodes.  This  form  is 
one  devised  particularly  for  work  with  tissues  and  is  figured  in  this 
paper. 


The  following  conclusions  can  be  drawn  from  a  consideration  of  what 
has  been  said  concerning  the  sources  of  error  in  the  usual  Wheatstone 
Bridge  set  up.  The  induction  coil  as  a  source  of  current  must  be  aban- 
doned. The  telephone  is  not  as  sensitive  as  the  alternating  current  gal- 
vanometer of  the  dynamometer  type.    The  common  resistance  coite  are 
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not  suitable  for  work  of  precision  and  must  be  replaced  by  the  Curtis 
Coils  which  are  wound  to  avoid  inductance  and  capacity.  The  resistance 
cups  must  be  selected  according  to  certain  necessary  conditions.  A  con- 
denser must  be  used  across  the  resistance  to  balance  out  the  capacity  in 
the  electrolytic  cell.  In  the  following  pages  we  describe  the  apparatus 
we  have  been  using  and  then  add  the  results  of  a  few  tests  to  show  the 
precision  which  this  method  attains. 


3.    THE  SIMPLIFIED  RESISTANCE  MEASURING  APPARATUS. 

When  working  with  electrical  instruments,  or  a  resistance  measuring 
network  like  the  Wheatstone  Bridge  it  is  a  good  plan,  on  general  princi- 
ples, to  select  the  apparatus  so  that  its  various  parts  are  in  conformity. 
It  is  therefore  necessary  to  know  the  various  pieces  and  to  be  able  to 
judge  as  to  the  relative  value  of  things.  It  is  obviously  wrong  to  use  a 
poor  grade  low  resistance  and  a  moderately  sensitive  detector  if  one  de- 
sires to  measure  conductivity  water.  There  are  other  arrangements 
which  should  be  condemned,  but  yet  are  not  so  apparently  wrong  as  in  the 
above  illustration.  Each  part  should  be  selected  and  arranged  to  con- 
form to  certain  demands  in  other  parts.  In  the  usual  method  the  station- 
ai-y  coils  and  the  swinging  coils  of  the  dynamometer  have  been  connected 
in  series.  The  better  way  and  one  in  which  the  sensibility  is  increased 
nearly  1,000  times  is  to  connect  the  swinging  coils  across  the  bridge  and 
place  the  stationarj^  coils  in  the  main  circuit.  We  believe,  after  working 
for  some  time  with  all  the  old  and  the  most  recent  devices  for  measuring 
the  conductivity  of  electrolytes,  that  we  have  now  brought  together  a 
simplified,  accurate  and  efficient  apparatus.  Fig.  6  shows  the  arrange- 
ment and  scheme  of  connections  for  the  new  apparatus.  Fig.  7  represents 
the  apparatus  all  assembled  ready  for  a  measurement. 
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Pig.  6. 

Scheino  of  coDDcctlons  of  the  apparatus  used  in  this  paper. 
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Fig.  7. 
Complete  Setup.  • 

1.  Bath.  2.  Galvanometer.  3  and  4.  Curtis  Colls.  5.  Decade  Resistance  In  bridge 
circuit.    6.    Switch  controlling  bridge  and  galvanometer  circuit.    7.    Bridge.    8.  Condenser. 


SOURCE  OF  CURRENT. 

The  source  of  current  is  a  60  cycle  rotaiy  converter.  The  first  con- 
verter used  was  a  lar^e  stationary  type  run  on  a  constant  potential  of 
110  volts  from  an  Edison  storaji^e  battery.  The  first  studies  were  made  in 
the  electrical  power  laboratory  of  the  ])hysics  department.  Later  work 
was  done  in  the  botanical  laboratory  and  the  current  derived  from  a  small 
portable  1/10  horse  power,  00  cycle,  rotary  converter.  (Fig.  8).  This 
was  obtained  from  the  Holtzer  Cabot  Electric  Company  of  Boston.  It 
proved  very  satisfactory.  A  variable  transformer  was  used  in  connection 
with  this  converter  to  cut  the  current  down  to  0  volts.  This  was  then 
connected  with  the  bridge  circuit  and  the  stationary  coils  of  the  gal- 
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vanometer  circuit  without  further  change.  In  a  previous  part  of  this 
paper  reasons  were  given  to  show  that  no  errors  but  what  could  be  cor- 
rected could  arise  from  the  use  of  this  frequency.  The  converter  and  its 
transformer  were  stored  away  under  the  table  and  kept  from  the  galvan- 
ometer so  that  the  latter  would  not  be  exposed  to  any  external  electric 
field.  Underneath  and  at  the  side  of  the  table  within  easy  reach  of  the 
operator  a  switch  and  starting  box  was  placed.  It  was  deemed  advisable 
to  use  a  starting  box  so  as  to  avoid  any  injurj^  to  the  rotary  converter 
through  overloading. 


The  instrument  used  to  determine  when  a  balance  had  been  found  was 
an  alternating  current  galvanometer  of  the  electrodynamometer  type, 
first  suggested  by  Prof.  Rowland  in  1897.  This  galvanometer  was  made 
by  the  Leeds  &  Northrup  Company  and  has  proven  very  satisfactory. 
Fig.  9  shows  the  scheme  of  connections.  The  fixed  coil  of  the  galvanom- 
eter is  placed  in  the  main  circuit  to  increase  the  sensibility  of  the  appa- 
ratus. The  swinging  coil  is  connected  across  the  bridge  in  the  same 
manner  as  with  the  teleplione  in  the  Kohlrausch  method.  The  resistance 
of  the  fixed  coil  is  29.8  ohms  and  the  maximum  allowable  current  is  1/5 
of  an  ampere  for  10  second  periods.  By  throwing  on  the  6  volts  from  the 
transformer  this  value  of  the  current  is  just  reached.  The  resistance  of 
the  swinging  coil  is  21.8  ohms  and  the  maximum  allowably  curreut  is 


Fig.  8. 

Source  of  alternatlDg  current.    1.    Rotary  converter.    2.  Transformer. 
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1/10  of  an  ampere  for  10  second  periods.  Fig.  10  is  a  cut  of  tlie  alterna- 
ting current  galvanometer  used  in  these  ex])eriments. 

When  a  galvanometer  of  the  moving  coil  type  is  used,  precautions 
must  be  taken  against  exterior  electric  fields.  All  such  parts  as  produce 
this  trouble  should  be  incased  in  metal  tubing  or  placed  below  the  table. 
Until  this  was  done  the  galvanometer  scale  was  deflected  as  much  as  a 
scale  division.  This  means  an  error  of  .1  of  1%.  The  data  that  accom- 
panied the  galvanometer  make  no  mention  of  its  sensitivity  except  when 
the  stationary  coil  is  so  connected  as  to  be  in  series  with  the  swinging 


2, 


Fig.  11. 
Bridge. 

1.  Posts  for  leads  to  electrolytic  cell. 

2.  Posts  behind  drum  for  galvanometer  leads. 

3.  Battery  post. 

4.  Extension  wire  posts.    "Extension"  represented  as  In. 

5.  Resistance  In  bridge  base.  Disconnected. 

coil.  Under  this  condition  the  sensitivity  is  .0027  amperes  at  100  mm. 
Connected  up  in  tlie  otlier  way  the  sensitivity  is  ])robably  of  the  fol- 
lowing order  .000027  at  100  mm.  A  double  contact  switch  on  the  top  of 
the  table  and  near  the  operator  controls  the  galvanometer  and  bridge  cir- 
cuits. The  circuit  can  be  made  and  broken  as  the  conditions  require.  It 
is  never  left  on  for  more  than  a  minute  and  usually  only  for  a  second  or 
less.  As  soon  as  a  deflection  is  noticed  the  circuit  is  broken  and  an  ad- 
justment of  the  bridge  made.  The  circuit  is  again  closed  and  the  deflec- 
tions of  the  scale  observed.  This  operation  is  repeated  until  a  balance  is 
obtained.  By  this  means  errors  from  heating  and  po||iiji|5g|iqg^^^^in- 
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ated.  The  connections  on  the  double  contact  switch  should  be  made  so  as 
to  close  the  bridge  circuit  first  and  then  the  galvanometer  circuit.  A 
bottle  of  damping  fluid  is  supplied  with  the  instrument.  Enough  of  this 
fluid  is  placed  in  the  glass  receptacle  to  cover  the  mica  *vane.  The  instru- 
ment is  thus  made  aperiodic  coming  back  to  zero  rapidly  without  over 
shooting. 

BRIDGE. 

The  bridge,  Fig.  11,  is  also  made  by  the  Leeds  &  Northrup  Company. 
It  is  the  latest  improvement  of  the  roller  type.  Kohlrausch  (14)  early 
showed  that  if  an  accuracy  of  .05  of  1%  is  desired  the  bridge  wire  would 
have  to  be  extended.  Two  coils,  non-inductively  wound,  each  of  which  has 
a  resistance  of  4i^*  times  that  of  the  bridge  wire  itself,  were  placed  at 
opposite  ends  of  the  wire.  This  constitutes  the  "extended  bridge."  The 
coils  were  so  mounted  on  the  bridge  that  by  the  removal  of  a  couple  of 
plugs  the  extension  coils  could  be  connected  in.  The  rheostat  coils  usu- 
ally found  on  this  type  of  bridge  were  disconnected  to  avoid  any  error 
from  capacity  and  inductance.  The  bridge  has  ten  turns  of  wire  upon  its 
drum  with  a  resistance  of  7.157  ohms.  Each  extension  has  a  value  of  32.2 
ohms  thus  making  the  resistance  of  the  bridge  wire  and  its  extensions 
71.557  ohms.  A  wire  of  low  resistance  and  larger  cross  section  is  prefer- 
able to  one  that  is  very  slight  and  slender  because  its  calibration  will  re- 
main more  nearly  constant.  In  addition  it  will  stand  wear  and  heav^' 
treatment  better. 

There  are  a  thousand  scale  divisions  on  the  bridge  and  each  one  of  these 
is  divided  into  halves,  making  a  scale  of  two  thousand  parts.  Each  of  the 
smallest  scale  divisions  is  3  mm.  wide,  and  the  bridge  reading  can  be 
made  to  1/5  part  of  this  division  without  much  difficulty.  The  error  from 
a  bridge  reading  will  not  be  more  than  .002  of  1%. 

The  alternating  current  was  first  passed  through  a  variable  resistance 
in  series  with  the  bridge  and  then  connected  to  the  slider.  The  resistance 
was  introduced  in  order  to  vary  the  current,  for  when  the  more  concen- 
trated solutions  are  used  much  less  current  is  needed.  If  the  full  cur- 
rent was  passed  through,  the  heating  of  the  electrolyte  would  follow,  and 
result  in  a  false  reading  on  the  bridge.  The  resistance  is  connected  on  one 
arm  of  the  bridge  and  the  electrolytic  cell  in  the  other.  The  swinging 
coils  are  placed  across  the  bridge. 


-RESISTANCES. 

The  known  resistances  must  of  necessity  be  the  best  obtainable.  These 
are  the  new  Curtis  Coils  (Fig.  12).  Their  use  was  suggested  to  us  after 
reading  the  article  by  Dr.  Curtis  (4)  in  a  publication  of  the  U.  S.  Bureau 
of  Standards.  According  to  a  new  method  of  winding  the  self-inductance 
and  capacity  of  the  coils  are  anulled.  By  request  the  Leeds  &  Northrup 
Company  made  for  us  a  number  of  such  coils  ot  different  values  and  as- 
sembled them  in  a  box.  Two  of  these  boxes  have  been  used  in  the  ex- 
periments described  in  this  i)aper.  In  assembling  the  coils  in  box  form, 
it  should  be  remembereil  that  it  is  necessary  to  keep  them  sufficiently 
far  apart  to  avoid  any  error  from  capacity.  The  newer  "dial  decade  type" 
is  more  convenient  and  has  a  range  of  from  1  to  over  100,000  ohms.  A 
variable  condenser  (Fig.  12)  must  be  introduced  acro**s  the/resist^aiice  to 
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balance  out  the  capacity  in  the  electrolytic  cup.  This  condenser  must  be 
chosen  with  a  view  to  avoiding  any  leakage  and  therefore  its  insulation 
must  be  sufficiently  high.  An  error  of  .2  of  1%  is  apt  to  occur  from  this 
cause.  In  making  a  measurement,  take  as  much  care  to  balance  the 
capacities  as  you  do  to  balance  the  resistances. 

ELECTROLYTIC  CELLS. 

The  cells  used  in  these  experiments  were  of  different  forms  depending 
upon  the  purpose  for  which  they  were  to  be  used.   The  materials  from 


Fig.  12. 

1.  Resistance  box.    Curtis  Coils. 

2.  CoDdenser. 


which  they  were  made  were  Jena  glass,  hard  vulcanite  rubber,  and  plati- 
num. Jena  glass  was  chosen  because  it  is  one  of  the  least  soluble  of  all 
makes  of  glass.  The  slightest  impurity  from  the  glass  or  air  causes  an 
error  in  the  resistance  of  the  solution.  The  glassware  was  thoroughly 
cleaned  by  soaking  it  in  a  hot  solution  of  potassium  dichromate  in  sul- 
phuric acid  and  afterwards  rinsed  in  distilled  water.  The  final  treatment 
consisted  in  a  steaming  process  for  a  few  hours.  "Conductivity  water" 
showed  no  change  in  resistance  after  staying  in  cups  prepared  as  above 
for  a  period  of  at  least  twenty-four  hours.  The  hard  vulcanite  rubber 
parts  were  kept  clean.  The  platinum  was  at  least  .35  mm.  thick  and 
rigidly  fused  to  the  glass  connections.  This  prevented  any  change  in 
the  cell  constant  which  would  happen  if  the  electrodes  were  in^any  way 
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dislodged  from  their  original  position  in  reference  to  each  other  and  the 
sides  of  the  glass  container. 

Platinized  electrodes  were  used  in  all  the  tests  and  the  platinizing  was 
according  to  the  usual  method  (5).  When  the  electrodes  receive  a  coat 
of  platinum  black  their  surfaces  are  immensely  increased  and  polarization 
is  negligible.  The  electrodes  were  frequently  cleaned  and  replatinized. 
Dr.  Clark  of  the  University  of  Illinois  has  suggested  that  the  cleaning 
process  can  be  greatly  facilitated  by  placing  the  electrodes  in  Aqua  Regia 
with  a  reversal  of  the  current  every  minute.  It  takes  only  a  few  minutes 
to  clean  them  thoroughly.   When  not  in  use  the  electrodes  are  kept  in 


Fig.  18. 

Resistance  Cells. 
Explanation  of  different  types  in  text. 


conductivity  water  (about  2.0x10-6).  Before  using  the  cells,  they  are 
tested  for  constancy  and  when  two  successive  readings  of  conductivity 
water  give  the  same  figures,  the  cells  are  considered  in  proper  condition 
to  use. 

The  various  forms  are  shown  in  Fig.  13,  Nos.  1,  4  and  5  are  for  solutions 
of  low  conductivity  and  Nos.  3  and  6  for  high  conductivity  and  No.  2  for 
medium  conductivity.  Nos.  4  and  5  are  the  plunger  types  to  be  used  to 
determine  the  resistance  of  solutions  in  any  size  or  form  of  beaker.  This 
type  eliminates  the  side  effects.  No.  7  is  used  when  it  is  desired  to  meas- 
ure the  resistance  of  living  tissues.   Discs  of  the  living  tissues  are  pre- 
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pared  by  using  a  cork-borer  or  other  suitable  device.  These  discs  are  then 
piled  one  upon  another  like  a  pile  of  pennies  and  clamped  firmly  between 
the  electrodes.  The  pipette  forms  are  similar  to  those  figured  in  a  paper 
by  Washburn  and  Maclnnes  (43).  It  is  preferable  to  have  the  electrodes 
vertical  rather  than  horizontal  for  the  quick  removal  of  heat.  It  is  ad- 
visable to  immerse  the  bridge  leads  in  tubes  containing  mercury,  these 
tubes  to  be  immersed  in  the  bath  so  as  to  be  at  the  same  temperature  as 
the  cell.  This  reduces  the  passage  of  heat  between  the  room  and  the  cell. 


The  conductivity  of  a  solution  is  greatly  affected  by  tem|)erature 
changes.  A  variation  of  one  degree  gives  an  error  of  2%  in  the  readings. 
It  is  necessary  therefore  to  keep  the  temperature  constant  during  con- 
ductivity measurements.  For  accurate  measurements,  a  variation  of  .01 
of  a  degree  C.  is  not  permissible.  The  best  thermostat  contains  a  large 
body  of  water  to  reduce  the  effect  of  temperature  changes  of  the  snr- 
rounding  bodies.  This  water  must  be  kept  in  constant  motion  and  at  a 
constant  temperature. 

Various  devices  for  automatically  regulating  tem|)erature  have  been 
tried.  The  really  efficient  one  is  electrical.  The  ele<*trolytic  cells  are 
suspended  in  the  bath  and  allowed  to  remain  so  for  at  least  10  minutes 
before  a  measurement  is  taken.  Then  the  resistance,  that  is  to  balance 
the  solution  to  be  tested  is  adjusted,  approxinmtely.  The  bridge  wire  can 
be  used  alone  or  in  combination  with  the  "extensions."  For  accurate 
work  the  "extended  wire"  must  be  used.  A  modification  of  the  Ostwald 
thermostat  was  used  for  preliminary  work.  This  only  kept  the  tempera- 
ture constant  to  within  a  .1  of  a  degret\  For  accurate  work  the  Freas 
water  thermostat  may  be  used.  In  this  one  the  temperature  is  kept  con-' 
stant  to  .002  of  a  degree.  A  Beckmann  thermometer  should  be  suspended 
in  any  water  bath  as  a  check  on  the  thermostat.  The  temperature  of  the 
bath  was  kept  constant  at  18°  C. 


The  following  method  of  operation  is  suggested.  Ree  that  the  bath 
temperature  is  correct  and  constant.  Select  the  cell  that  will  be  best 
suited  for  measuring  the  solution  in  question.  Fill  the  cell  and  suspend 
it  in  the  thermostat.  When  the  solution  is  at  the  temperature  of  the  bath 
a  measurement  may  be  nnide.  Now  start  the  rotary  converter,  being 
sure  that  the  double  contact  switch  which  closes  the  bridge  and  galvan- 
ometer circuits  is  o|>en.  Throw  in  500  or  1,000  ohms  resistance  in  the 
variable  rheostat  so  as  to  cut  down  the  current  entering  the  bridge.  This 
will  prevent  excessive  deflection  of  the  galvanometer  scale.  Observe  the 
zero  point  on  tlie  galvanometer  scale  and  then  close  tlie  galvanometer  and 
bridge  circuit  switch  for  an  instant.  Note  the  direction  of  deflection. 
This  will  indicate  wliether  tlie  known  resistance  is  too  high  or  too  low. 
Adjust  the  resistance  to  suit  condition  and  close  switch  again.  Repeat 
operation  until  balance  is  approximately  obtained.    Now  varv^he  cur- 
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rent  on  the  bridge  by  adjusting  the  varijible  resistance  until  a  maxi- 
mum sensibility  is  obtaineil.  At  the  same  time  adjust  the  condenser  to 
balance  out  the  capacity  of  the  cui).  Carefully  adjust  all  three,  the  cur- 
rent, the  resistance  and  the  condenser  and  make  a  careful  reading.  Make 
another  filling  of  the  cell  and  repeat  operations  until  checks  are  obtained. 


5.  EXPERIMENTAL. 

The  apparatus  we  have  assembled  is  not  only  less  tedious  or  trying  to 
operate  but  shows  a  high  degree  of  precision.  We  note  below  the  data  on 
a  few  experiments.  It  is  not  necessary  at  this  time  to  publish  at  further 
length,  for  in  this  paper  we  wish  only  to  describe  the  apparatus  and  its 
method  of  operation  and  draw  attention  to  its  applicability  to  biological 
l>roblems  and  reserve  for  a  future  publication  the  experiments  for  which 
this  apparatus  was  primarily  devised. 

Experiment  I. 

The  object  of  this  experiment  is  to  show  the  precision  that  can  be  ob- 
tained when  using  certain  values  of*  known  resistances,  balanced  against 
each  other.  The  new  Curtis  Coils  were  used.  In  the  table  below  one  set 
of  coils  is  designated  as  A  and  the  other  as  B.  The  "perfect  balance"  is 
defined  as  that  point  at  which  the  galvanometer  scale  does  not  move.  Now 
if  the  bridge  is  moved  .1  of  a  scale  division  either  side  of  this  point,  a 
deflection  of  the  galvanometer  is  seen.  A  tenth  of  a  scale  division  is 
selected,  as  this  is  about  the  smallest  deviation  which  can  be  estimated 
without  the  use  of  a  micrometer  screw,  and  magnifying  glass.  The 
"extended"  E  and  "short"  8  bridge  wires  were  used.  The  former  is  used 
when  an  accuracy  of  more  than  .05  per  cent  is  desired.  The  latter  is  suffi- 
cient for  all  tests  of  culture  solution. 


GALVANOMETER' METHOD. 


No.  of  test. 

Res.  A. 

Res.  B 

Bridge. 

Range. 

f 

 \ 

5000 

5000 

ft  KK) 

5000 

S 
E 

Perfect  balance. 
Perfect  balance. 

I 

  I 

10000 

lUUUU 

10000 
lUOOO 

S 
E 

.  2  scale  division. 
.3  scale  division. 

 { 

20000 
20000 

20000 
20000 

S 
E 

.4  scale  division. 
.5  scale  division. 

*  { 

35000 
36000 

35000 
35000 

S 
E 

.7  scale  division. 
.8  scale  division. 

 { 

55000 
66000 

55000 
55000 

8 
E 

1 .0  scale  division. 
2.25  scale  division. 
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Experiment  II. 

The  object  of  this  experiment  is  to  show  the  precision  that  can  be  ob- 
tained while  using  varying  concentrations  of  KCl.  The  readings  were 
made  by  one  person. 

A.  Sol.  M/10  KCL,  E.  Bridge,  T.  18°  C,  Known  Res.  26.6  ohms.,  Res.  on 
bridge  circuit  1,000.  Conductivity  cell  No.  II,  electrodes  platinized  and 
10  mm.  apart. 

No.  reading  Res.  ohms.  Bridge  reading. 

1  26.6  506.8 

2  26,6  506.7 

3  26.6  506.8 

4  26.6  506.8 

A  "perfect  balance"  was  obtained.  In  only  one  case  was  the  reading  .1 
less  than  the  others. 

B.  Sol.  M/50  KCl,  E.  Bridge,  T.  18°  C,  Known  Res.  61  ohms.,  Resistance 
on  bridge  circuit  1,000  ohms.  Conductivity  cell  No.  I,  electrodes  platin- 
ized and  5  mm.  apart. 

No,  reading  Res.  ohms.  Bridge  reading. 

1  61  504.7 

2  61  504.7 

3  61  504.7 
A  "perfect  balance"  was  obtained.   No  deviation. 

C.  Sol.  M/1,000  KCl,  E.  Bridge,  T.  18°  C.  Known  Res.  1, 191  ohms.,  Res. 
on  bridge  circuit  400  ohms.  Conductivity  cell  No.  Ill,  electrodes  platin- 
ized and  6  mm.  apart. 

No.  reading  Res.  ohms.  Bridge  reading. 

1  1191  502.60 

.  2  1191  502.60 

3  1191  502.70 

A  "perfect  balance"  was  obtained. 

D.  Sol.  —  twice  distilled  water,  E.  Bridge,  T.  18°  C,  Known  Res.  33,600 
ohms.  Resistance  in  bridge  circuit,  "out."  Conductivity  cup  X,  elec- 
trodes platinized  and  2  mm.  apart. 

Bridge  reading. 

No.  reading   Res.  in  ohms.  Left  Middle  Riffht 

1  33,600  502.5  503.  503.5 

2  33.600  502.5  503.  503.5 

3  33,600  502.5  503.  503.5 
Range  of  1  scale  division  or  .5  scale  divisions  on  either  side  before  de- 
flection took  place. 

Conductivilv  water  having  a  specific  conductance  of  1.7x10"®  ohms, 
at  temperature  of  18°  C,  E.  Bridge,  T.  18°  C,  Known  Resistance  85,000 
ohms.  Res.  in  bridge  circuit  "out."  Conductivity  cup  X.  Electrodes 
platinized  and  2  mm.  apart. 

Bridge  reading. 

No.  reading    Res.  in  ohms.  Left  Middle  Right 

1  85,000  497.  498.5  500. 


Digitized  by 


Google 


DIVISION  OF  BOTANY. 


33 


Range  of  3  scale*  divisions.  Reading  was  made  quickly.  The  switch  was 
clos^  for  only  an  instant  at  a  time.  This  precaution  was  necessary  as 
the  thin  film  .of  solution  between  the  electrodes  was  exposed  to  a  heating 
effect  of  the  current.  By  allowing  the  current  to  pass  for  only  an  instant 
the  heating  effect  was  found  to  be  negligible. 

Experiment  III. 

In  D  and  E  of  the  preceding  experiment  the  range  of  scale  divisions 
is  1  in  one  case  and  3  in  the  other.  For  solutions  of  high  resistance  these 


Com 


Fig.  14. 

Arrangement  and  connection  of  parts  when  a  D.  C.  galvanometer  and  rectifier  are  used. 


results  may  be  considered  very  good.  An  experiment  was  made  however 
to  see  if  the  range  could  be  shortened. 

Tt  is  a  well  known  fact  that  a  I).  C.  galvanometer  is  more  sensitive  than 
an  A.  C.  galvanometer,  but  the  former  cannot  be  used  with  alternating 
currents.  If,  in  some  way,  the  alternating  current  can  be  rectified  so 
as  to  become  unidirectional  then  a  I).  C.  galvanometer  can  be  used.  This 
change  in  current  can  be  brought  about  by  cutting  out  one  of  the  phases 
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of  an  alternating  current.  Devices  that  accomplish  this  are  usually  called 
rectifiers.  There  are  a  number  of  different  forms  but  the  most  satisfac- 
tory one  for  this  particular  condition  is  the  commutator.  This  is  fastened 
upon  the  shaft  of  the  rotary  converter.  Before  an  experiment  is  made 
this  commutator  is  so  adjusted  as  to  eliminate  one  phase  entirely.  This 
adjustment  must  be  made  accurately  as  the  value  of  all  the  work  which 
follows  is  dependent  upon  it.  The  brushes  niust  also  be  kept  clean.  Care 
in  the  above  matters  is  necessary  if  the  best  results  are  to  be  obtained. 
Fig.  14  shows  the  set-up  of  the  apparatus  when  the  commutator  and 
D.  C.  galvanometer  are  used. 

For  this  experiment  a  water  of  rather  low  conductivity  was  selectecl. 
The  resistance  of  this  was  determined  by  both  the  A.  C.  galvanometer 
method  and  the  device  which  has  just  been  described.  The  comparison  is 
made  from  the  standpoint  of  tlie  range  of  scale  divisions  necessary  for  a 
reading. 

A,  Sol.  Water  of  rather  low  conductivity,  E.  Bridge,  T.  18°  0.,  Known 
resistance  51,100  ohms.  Resistance  in  bridge  circuit  "out."  Conduc- 
tivity cup  Xj  electrodes  i)latinized  and  2  mm.  apart. 

Bridge  Reading 

Method  Left   Middle   Right  Range 

A.  C.  Galv   500.    501.125    502.25  2.25 

D.  C.  Galv.  and  commutator   509.    509.4      509.75  .75 

This  shows  that  the  use  of  a  D.  C.  galvanometer  and  commutator 
shortens  the  range  of  scale  divisions  and  makes  the  reading  more  precise. 

The  condenser  at  hand,  where  this  work  was  done,  did  not  possess  a  low 
enough  capacity.  If  a  suitable  condenser  had  been  at  hand  the  range  of 
scale  divisions  would  in  all  probability  have  been  smaller. 

B,  Sol.  M/50  KCl,  E.  Bridge,  T.  18°  C,  Known  Res.  55  ohms.  Res.  in 
bridge  circuit  unknown.  A  rheostat  not  graduated  was  used.  Conduc- 
tivity cup  I,  electrodes  platinized  and  5  mm.  apart. 

No.  of  reading  Bridge  reading  Range 

1  493  Perfect  balance 

2  493  Perfect  balance 

3  493  Perfect  balance 

The  heating  effect  was  completely  eliminated  by  placing  a  variable  resist- 
ance in  the  bridge  circuit. 

Experiment  IV, 

This  exi)eriment  is  rei)orted  in  order  to  demonstrate  the  presence  of 
heating  effect,  when  the  current  load  on  the  electrolyte  is  heavy.  It  also 
shows  how  effectively  it  is  eliminated  by  introducing  a  resistance  in  the 
bridge  circuit. 

The  solution  was  M/lOO  KCl,  E.  Bridge,  T.  18°  C,  Known  Res.  100 
ohms.  The  conductivity  cup  with  ground-in  thermometer  was  similar  to 
that  of  figure  2  pictured  on  i)age  14,  Ijeitvermogen  der  Elektrolyte,  by 
Kohlrausch  and  Holborn.  The  electrodes  were  platinized  but  the  distance 
between  them  was  not  determined.  The  form  was  that  of  a  hollow  cylin- 
der.  The  bath  thermometer  was  a  standard  one  with  Reichsanstalt  cer- 
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tificate  and  was  graduated  to  tenths  of  a  degree.  The  thermometer  in 
the  conductivity  cup  was  graduated  to  tenths  of  a  degree,  but  its  accu- 
racy is  unknown.  Since  only  relative  changes  are  to  be  shown  here  ex- 
treme accuracy  in  temperature  is  not  necessary.  When  the  temperature 
of  the  bath  was  18°  C,  that  of  the  cup  was  18.2°  C.  making  a  variation 
of  .2  of  a  degree.  The  apparatus  was  first  adjusted  with  the  resistance 
in  the  bridge  circuit  and  after  a  balance  had  been  obtained  the  current 
was  increased  by  a  removal  of  the  resdstance.  Immediately  the  scale 
deflected  in  one  direction  and  gradually  continued  in  the  sante  direction. 
When  the  deflection  reached  the  end  of  the  scale  the  current  was  cut  off 
and  the  time  taken  by  a  stop  watch  and  the  rise  in  temperature  of  the 
electrolyte  noted.  As  an  average  of  five  tests  the  end  of  the  scale  was 
reached  in  52  seconds  and  the  temperature  in  that  tiirie  had  risen  .8°.  It 
may  be  mentioned  here  that  when  a  resistance  of  1,000  ohms  was  in  the 
bridge  circuit  and  the  key  down  two  minutes  there  was  no  deflection  or 
"creeping"  showing  that  the  heating  had  been  effectively  eliminated. 

The  next  two  experiments  are  added  in  order  to  show  the  applicability 
of  the  conductivity  apparatus  described  in  the  present  paper  to  biological 
problems.  As  before,  the  intention  is  not  to  list  a  great  number  of  ex- 
periments nor  explain  any  in  great  detail.  The  method  devised  in  this 
paper  is  adaptable  to  precise  and  delicate  measurement  of  various  biologi- 
cal phenomena. 


Experiment  V. 

True  (38)  has  shown  that  the  resistance  of  distilled  water  decreases 
when  seedlings  of  lupines  or  peas  are  grown  in  it,  and  attributes  the 
fall  of  resistance  to  the  excretion  of  electrolytes  from  the  roots.  His 
experiments  touching  on  this  point  were  repeated  and  confirmed. 

Distilled  water  was  used  as  a  culture  solution.  This  was  put  into 
thoroughly  cleaned  Jena  glass  beakers  of  250  cc.  capacity.  The  quantity 
of  distilled  water  used  in  the  beaker  was  200  cc.  Seedlings  of  Lupinus 
albus  were  used  as  indicators.  The  seeds  were  first  soaked  in  the  same 
water  for  about  16  hours,  then  adjusted  on  paraffined  wire  hooks  which 
were  hung  from  the  edges  of  the  beaker.  The  seeds  were  so  adjusted  that 
the  hypocotyl  would,  on  growing,  reach  the  water  in  a  vertical  position. 
The  beaker  was  covered  with  a  glass  plate  so  that  moist  conditions  could 
be  maintaineil.  When  the  roots  had  reached  the  length  of  about  2  cm. 
the  experiment  was  started.  The  seedlings  while  on  the  hooks  were  re- 
moved from  this  improvised  germinator,  washed  thoroughly  in  fresh  con- 
ductivity water  and  then  suspended  in  the  culture  dishes.  At  the  same 
time  the  electrodes  were  plunged  into  the  solution  and  a  reading  made. 

At  3      P.  M.  3/13/15  the  resistance  was  29,595  ohms. 

At  9:30  P.  M.  3/13/15  the  resistance  was  24,945  ohms. 

At  9      A.  M.  3/14/15  the  resistance  was  19,393  ohms. 

At  7:30  P.  M.  3/14/15  the  resistance  was  16,125  ohms. 

At  8:40  A.  M.  .3/15/15  the  resistance  was  15,210  ohms. 

At  3:30  P.  M.  3/1.5/15  the  resistance  was  13,735  ohms. 

This  experiment  shows  that  the  excretion  of  electrolytes  was  more  rapid 
and  in  larger  quantities  at  the  beginning  than  at  the  end  of  the  given 
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period.  It  also  shows  that  during  a  period  of  a  little  over  48  hours  the 
resistance  had  fallen  from  29,595  ohms  to  13,735  ohms. 

It  is  instructive  to  compare  these  results  with  the  results  obtained  when 
tap  water  is  the  culture  solution.  The  experiment  is  the  same  as  the 
preceding  in  every  respect  except  tliat  the  culture  solution  is  tap  water 
and  the  number  of  seedlings  used  thirteen. 

At  9:30  A.  M.  3/13/15  the  resistance  was  272.272  ohms. 
At  11:40  A.  M.  3/13/15  the  resistance  was  271.180  ohms. 
At  2:00  P.  M.  3/13/15  the  resistance  was  269.088  ohms. 
At  9:20  P.  M.  3/13/15  the  resistance  was  270.620  ohms. 
At  9:30  A.  M.  3/14/15  the  resistance  was  269.088  ohms. 
At   3:30  P.  M.  3/14/15  the  resistance  was  269.024  ohms. 

During  the  30  hours  in  which  the  experiment  was  running  there  was 
very  little  change  in  the  resistance.  The  concentration  seemed  such  as 
would  allow  absorption  and  excretion  of  electrolytes  at  equal  rates. 

Experiment  VI. 

For  some  time  it  has  been  known  that  roots  excrete  CO,.  To  what  ex- 
tent the  decrease  in  resistance  is  due  to  the  presence  of  COj  is  not  defi- 
nitely known.  The  following  experiment  shows,  however,  that  the  greater 
part  is  not  due  to  the  presence  of  COj  as  might  be  thought.  In  this  case 
about  13%  of  the  change  in  concentration  is  probably  due  to  carbon 
dioxide  alone. 

Three  clean  Jena  glass  beakers  were  selected.  These  three  contained 
equal  quantities  of  distilled  water  having  the  same  conductivity.  This 
was  accomplished  by  washing  them  successively  in  conductivity  water 
until  the  wash  water  possessed  the  same  resistance  as  the  original  water. 
The  experiment  was  then  started.  In  the  first  beaker  no  sellings  were 
placed.  Pour  seedlings  were  put  in  the  second  beaker  and  the  third  re- 
ceived eight.  They  were  put  aside  for  24  hours  and  then  the  conductivities 
were  determined.  The  seedlings  were  removed  and  the  CO2  driven  off 
by  heat.  As  much  care  as  possible  was  taken  not  to  decrease  the  volume 
of  fluid  but  yet  be  sure  of  driving  off  the  carbon  dioxide.  Pure  hot  melted 
paraflSne  was  poured  on  immediately  and  the  beaker  of  water  so  covered 
was  put  away  in  the  ice  chest  for  the  paraffine  to  harden.  Pure  paraffin 
is  inert  chemically  and  no  error  larger  than  the  experimental  error  is 
believed  to  enter  here.  After  a  few  hours  the  beaker  was  placed  in  the 
water  bath  to  bring  the  solution  to  the  proper  temx)erature.  The  paraffin 
cap  was  now  removed  and  the  conductivity  of  the  solution  measured. 


Before  Boiling, 


No.  seedlings    Bridge  Reading 


Resistance 


Conductivity. 


1.67x10-6 
5.98xl0-« 
9.12  X 10-6 


0  490 

4  442 
8  538 


93,690 
26,182 
17,174 


After  Boiling, 


0 
4 

8 


500 
570 
503 


90,000 
30,112 
19,494 


1.74x10:6 
5.20  X 10-6 
8.03x10-6 
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The  last  column  in  the  first  series  shows  that  after  24  hours  the  resist- 
ance of  the  water  in  which  four  seedlings  had  grown  had  decreased  con- 
siderably over  that  in  which  no  seedlings  had  grown.  Likewise  the  resist- 
ance of  the  solution  in  which  eight  seedlings  had  grown  is  lower  than 
that  of  the  solution  in  which  four  seedlings  had  grown.  It  may  also  be 
observed  that  the  decrease  is  not  exactly  proportional  to  the  number  of 
individuals  growing  in  the  solution.  In  the  last  column  of  the  second 
series  it  may  be  noticed  that  the  water  in  which  no  seedlings  had  grown 
had  a  slightly  higher  conductivity  after  boiling  than  before.  No  expla- 
nation is  here  offered.  In  the  case  of  the  other  two  culture  solutions  it 
is  seen  that  boiling  reduced  the  conductance  by  about  13%  of  what  it  was 
before  boiling. 


6.  CONCLUSIONS. 

In  this  paper  the  authors  have  endeavored  to  draw  attention  to  the 
many  biological  problems,  for  the  investigation  of  which  the  Wheatstoiie 
Bridge  apparatus  seems  especially  fitted.  A  plea  is  also  made  for  a  more 
general  use  of  the  principles  of  physical  chemistry  and  a  closer  attention 
to  the  acquisition  of  quantitative  rather  than  qualitative  results. 

Why  this  apparatus  has  not  been  more  widely  used,  is  in  all  probability 
due  to  the  fact  that  it  possesses,  in  its  customary  form  a  number  of 
sources  of  error,  which  preclude  accurate  measurement.  In  addition,  the 
taking  of  a  measurement  necessitates  a  considerable  strain  on  the  nerves 
of  the  operator.  It  is  obviously  very  diflScult  to  listen  through  a  telephone 
for  a  point  at  which  a  continuous  but  gradually  decreasing  sound  stops. 

We  have  enumerated  some  of  the  errors  inherent  in  the  general  method 
and  believe  that  modifications,  such  as  we  have  suggested  make  the  appa- 
ratus much  more  precise  as  well  as  easier  to  operate.  The  induction  coil 
was  abandoned  for  a  60  cycle  rotary  converter,  which  gives  a  pure  sine 
wave  on  a  current  of  constant  potential.  The  use  of  a  frequency  of  60 
cycles  per  second  was  not  attended  with  any  appreciable  error.  It  has 
been  shown  that  in  assuming  polarization  at  60  cycles  we  are  assuming 
something  neither  apparent  nor  real.  We  have  used  this  frequency  for 
a  period  of  two  years,  and  have  had  no  trouble  from  polarization  but  what 
could  be  eliminated. 

The  alternating  current  galvanometer  is  a  better  detector  than  the 
telephone  for  four  reasons: — 1.  An  exact  balance  can  be  made  quickly 
and  with  ease.  2.  Direction  of  deflection  will  indicate  whether  heating 
or  polarization  is  taking  place  and  the  correction  can  be  quickly  made. 
8.  The  circuit  need  not  be  closed  more  than  an  instant  at  a  time  and 
therefore  the  possible  error  due  to  heating  or  polarization  is  negligible. 
4.  The  eye  is  more  accurate  than  the  ear.  The  customary  resistance 
coils  are  replaced  by  Curtis  Coils  since  these  are  wound  for  annulment 
of  inductance  and  capacity.  The  dial  decade  type,  a  more  recent  form 
than  the  one  used  in  these  experiments  is  better  because  of  the  ease  and 
convenience  of  manipulation.  They  also  have  as  great  a  range  and  are 
better  because  the  resistance  can  be  increased  by  unit  increments.  At- 
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tontion  is  drawn  to  the  necessity  of  using  the  extendecl  coils  of  the  bridge 
if  a  greater  accuracy  than  .05  of  V/i  is  desired.  It  is  preferable  to  use  a 
bridge  wire  of  rather  low  resistance  as  it  can  stand  wear  and  heavy 
treatment  better.  It  will  also  hold  its  calibration  more  certainly.  In 
regard  to  the  electrolytic  cells,  it  may  be  said  that  their  construction  is  of 
utmost  importance.  These  cells  act  as  capacities  and  to  balance  this,  a 
condenser  must  be  put  in  across  the  resistance  in  the  adjacent  arm.  Cells 
with  platinized  electrodes  are  necessarj'  y^hen  working  with  a  frequency 
of  60  cycles  per  second.  Too  much  attention  cannot  be  given  to  the  detail 
of  maintaining  a  water  bath  at  a  constant  temperature.  A  Freas  water 
thermostat  which  is  accurate  to  .002  of  a  degi-ee  is  efficient  for  this  work. 

A  method  for  operating  the  apparatus  described  in  this  paper  is  sug- 
gested and  a  few  experiments  added,  to  show  the  degree  of  precision  ob- 
tained. This  apparatus  has  proven  efficient  in  our  hands,  and  a  measure- 
ment can  be  made  quickly  and  easily.  Besides  this,  the  results  show  a 
high  degi^ee  of  precision. 
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INTRODUCTION. 


A  definite  knowledge  of  the  concentration  of  the  soil  solution  as  it 
actually  exists  in  the  soil,  under  all  conditions,  including  variation  in 
moisture  content,  tillage,  fertilizer  treatment,  season,  etc.,  is  of  the 
greatest  importance  and  highest  interest  from  all  standpoints — the 
chemical,  physical,  physiological,  and  biological.  At  present,  the  exact 
concentration  of  the  natural  soil  solution  under  all  the  conditions 
enumerated  above  is  not  known,  as  there  has  been  no  method,  capable  of 
executing  a  direct  measurement  of  its  magnitude. 

In  the  present  bulletin  there  is  presented  the  freezing  point  method 
as  a  new  method  capable  of  measuring  the  concentration  of  the  soil 
solution  directly  in  the  soil  under  a  variety  of  conditions,  and  some  of 
the  experimental  data  obtained. 


A  large  number  of  methods  have  been  used  to  ascertain  the  concen- 
tration of  the  natural  soil  solution,  but  nearly  all  of  them  are  based 
upon  the  general  principle  of  extracting  or  isolating  the  solution  from 
the  soil  and  measuring  its  concentration,  besides  other  properties.  The 
one  method  most  extensively  employed  is  that  developed  by  Whitney 
and  Cameron,  (1),  and  consists  of  mixing  100  parts  of  soil  with  500 
parts  of  water,  stirring  the  mixture  vigorously  for  3  minutes,  allowing 
it  to  stand  20  minutes,  and  filtering  the  supernatant  liquid  through 
Chamberland-Pasteur  filters  under  pressure-  The  results  obtained  by  this 
method  led  Whitney  and  Cameron  to  advance  the  theory  that  the  soluble 
mineral  matter  of  the  soils  produces  in  general  a  saturated  or  nearly 
saturated  solution  in  the  soil  moisture;  that  the  magnitude  of  concen- 
tration of  this  soil  solution  is  the  same  for  practically  all  soils;  and, 
that  it  is  generally  low,  but  sufllciently  high  for  the  growth  and  develop- 
ment of  crops. 

By  employing  the  same  method,  other  investigators  have  obtained 
different  results  and  have  arrived  at  different  conclusions  from  those 
of  Whitney  and  Cameron.  One  of  the  most  extensive  investigations 
upon  the  subject  is  that  of  King.  (2).  The  results  he  obtained  show 
that  the  amount  of  water-soluble  material  recovered  in  the  water  ex- 
tract is  large,  and  differs  very  widely  in  the  various  soils,  and  that  the 
soils  which  produced  the  largest  yields  of  crops  or  received  application 
of  fertilizers  gave  the  largest  amount  of  soluble  material  in  the  aqueous 
extracts. 

More  recently,  Hall,  (3),  et  al.,  obtained  results  with  the  Rotharasted 
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soils  which  agree  in  general  with  those  of  King.  These  investigators 
prepared  artificial  water  extracts  from  certain  Rothamsted  experiment 
plots  on  which  wheat  and  barley  had  been  grown  for  60  years  and  had 
received  different  manure  treatment,  by  mixing  20  kgms.  of  dry  soil 
with  30  kgms.  of  water.  The  results  they  obtained  show  that  the  concen- 
tration  and  composition  of  the  soil  solution  are  not  constant  but  vary 
significantly  in  accordance  with  the  composition  of  the  soil,  and  its 
past  manurial  history. 

This  method,  therefore,  has  apparently  not  only  failed  to  give  con- 
cordant results  as  to  the  concentration  of  the  extract  in  the  different 
soils,  but  also  it  tells  nothing  as  to  the  exact  concentration  of  the  true 
solution  of  the  soil.  The  addition  of  the  water  to  the  soil  not  only 
dilutes  the  natural  soil  solution,  but  also  may  cause  a  dissolving  action 
upon  the  minerals,  a  suspension  of  the  hydrosols,  a  dialysis  of  sub- 
stances absorbed  by  hydrogels,  etc. 

Various  investigators  have  attempted  to  obtain  information  regard- 
ing the  concentration  and  composition  of  the  soil  solution  by  collecting 
and  analyasing  the  drainage  water  of  the  soil.  This  method,  however, 
is  not  only  open  to  all  the  above  objections,  but  also  to  the  additional 
one  that  the  drainage  w.ater  may  percolate  through  the  spaces  between 
the  particles  and  may  not  come  in  complete  intimate  contact  with  the 
film  of  water  around  and  in  the  soil  particles,  and  since  the  processes 
of  diffusion  are  slow,  the  drainage  water  may  not  be  a  true  representa- 
tive of  the  natural  solution  existing  in  the  soil. 

On  account  of  the  above  objections  to  using  water  in  isolating  the 
natural  soil  solution,  some  investigators  have  tried  to  extract  it  di- 
rectly from  the  soil  by  mechanical  means.  Two  different  methods  have 
been  employed  to  accomplish  this  purpose,  namely,  the  centrifuge,  and 
the  paraffin  oil.  The  centrifuge  method  has  been  developed  arid  employed 
by  Briggs,  (4),  and  consists  of  whirling  whetted  soils  in  a  rapidly  re- 
volving centrifuge  fitted  with  concentric  cylinders,  the  middle  one  hav- 
ing fine  perforations,  and  developing  a  force  equivalent,  on  the  average, 
to  3,000  times  the  attraction  of  gravity.  The  soil  solution  is  thrown 
out  through  the  perforations  and  collects  in  the  spaces  between  the  per- 
forated middle  cylinder  and  outer  cylinder.  It  collects  usually  as  a 
perfectly  clear  solution,  requiring  no  filtration.  The  results  yielded  by  this 
method,  however,  have  not  been  entirely  satisfactory,  owing:  (1),  to  the 
small  quantity  of  the  soil  solution  obtainable  at  a  time  for  analysis; 
(2),  the  liquid  obtained  is  the  excess  or  free  water  thrown  out  from  the 
saturated  soil  and  may  not  possess  exactly  the  same  concentration  and 
composition  as  the  film  water  remaining.  That  the  concentration  of 
the  solution  obtained  might  not  be  and  probably  could  not  be  absolutely 
the  same  as  the  entire  moisture  of  the  soil,  seems  to  be  suggested  by 
the  following  considerations:  If  the  solution  is  not  saturated  or  in 
equilibrium  with  the  soil  components,  then  the  films  which  are  in  in- 
'  3  tiraate  contact  with  the  surfaces  of  the  soil  grains  would  be  more  con- 
centrated at  any  given  time  than  the  capillary  or  interstitial  water, 
due  to  the  slow  rate  of  diffusion,  and  if  only  the  interstitial  water  is 
extracted  then  the  concentration  of  the  extract  would  be  less  than  that 
of  the  entire  moisture  existing  in  the  soil.   Furthermore,  since  the  soil 

(*)   BiiJs.22and31,BureauofSolto.  U.S.  Dept.  of  Agr,,llK)6  and  1906  reepeciiye^^  , 
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i&  a  mixture  of  different  minerals  and  the  rate  of  diffusion  is  extremely 
slow,  espeeially  in  the  soil  system,  the  different  mineral  particles  would 
have  films  of  different  concentration,  and  if  not  all  of  these  films  are 
extracted  or  truly  represented  in  the  extract,  the  latter,  of  course, 
would  not  possess  exactly  the  same  concentration  as  the  entire  soil 
moisture.  Again,  due  to  the  phenomenon  of  adsorbtion  it  has  been  sug- 
gested  that  that  portion  of  the  moisture  immediately  at  the  surface  of 
the  particles  is  more  concentrated  than  the  bulk  of  the  solution.  Whether 
or  not  this  last  concept  is  true  cannot  be  proved;  but  it  would  seem 
that  when  a  substance,  be  it  liquid  or  Skolid,  is  adsorbed,  becomes  inop- 
erative or  inactive.  (8),  There  is  no  excellent  reason  to  believe  that 
the  solution  obtained  from  a  saturated  soil  will  have  both  the  same 
concentration  and  composition  as  the  moisture  of  the  soil  short  of 
saturation. 

The  paraffin  oil  method  consists  of  replacing  the  excess  of  soil  water 
with  paraffin  oil  under  pressure  or  suction.  This  method  has  been  de- 
veloped by  Van  Suchtelen  and  Itano  (5),  and  Morgan  (6),  and  is  a 
modification  of  Ischerekov's  method,  (7),  wherein  he  employed  alcohol. 
Although  a  complete  report  of  the  results  obtained  by  this  method  has 
not  yet  appeared,  it  would  appear,  however,  from  many  theoretical 
principles  as  well  as  from  some  preliminary  data  already  published 
(6),  that  this  method  if*  capable  of  extracting  only  a  limited  amount  of 
the  soil  solution  present  in  the  soil  and  especially  in  the  heavy  types 
of  soil  and,  consequently  is  open  practically  to  the  same  objections 
as  the  centrifuge  method. 

From  the  foregoing  brief  exposition  of  the  different  methods  now  in 
vogue  for  studying  the  soil  solution,  it  becomes  very  obvious  that  none 
of  them  is  capable  of  furnishing  definite  information,  either  as  to  th*' 
actual  concentration  or  composition  of  the  natural  soil,  solution  as  it 
exists  in  the  soil  under  different  conditions,  including  variation  in 
moistuiT  content,  season,  tillage,  fertilizer  treatment,  etc.  Nor  does  it 
»eem  possible  or  hopeful  that  they  will  ever  be  able  to  attain  this  object 
so  long  as  their  principle  is  based  upon  isolating  the  natural  soil  solu- 
tion from  the  soil.  From  mechanical  principles  alone  it  would  seem 
hopeless  to  expect  to  ever  execute  a  complete  separation  between  liquid 
and  solid  phases  of  the  soil,  or  even  a  partial  separation  at  the  lower 
magnitudes  of  water  content. 

The  next  logical  course  that  would  suggest  itself  for  obtaining  a 
more  definite  information,  either  as  to  the  actual  concentration  or  com- 
position of  the  natural  soil  solution,  is  to  study  the  latter  in  the  soil 
itself.  Such  study  should  give  all  the  information  desired  and  ought 
to  be  devoid  of  all  the  objections  applicable  to  the  other  methods.  Atiy 
method,  therefore,  capable  of  furnishing  such  definite  information,  either 
as  to  the  concentration  or  comix)Rition,  or  both,  of  the  natural  soil  solu- 
tion under  all  circumstances,  would  be  of  the  greatest  service.  From 
theoretical  considerations^,  however,  probably  no  method  could  ever  be 
expected  to  ascertain  directly  the  composition  of  the  natural  soil  solu- 
tion in  the  soil,  but  it  might,  the  concentration. 


(»)    Journal  f.  Landw,  Band  60.   Seile  369-370,  1912. 

(•)    Michigan  Board  of  Agriculture  Reports,  1913,  p.  149,  and  1914  p.  210. 

(0    RufBian  Journallf.  Landw.  8,  1907,  No.  2  147-66. 
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A  method  now  in  vogue,  which  would  seem  at  the  outset  of  being 
capable  of  measuring  the  concentration  of  the  natural  soil  solution  in 
the  soil,  is  the  electrical  bridge,  as  developed  by  the  U.  S.  Bureau  of 
Soils,  (8),  for  the  determination  of  soluble  salts  in  soils.  The  principle 
of  this  method  is  dependent  upon  the  fact  that  the  electric  current  is 
conducted  by  the  salt  solution  or  its  ions,  and  the  conduction  of  the 
solution  or  conversely,  its  resistance  to  the  passage  of  the  current,  being 
determined  largely  by  its  concentration. 

Unfortunately,  the  general  utility  of  this  method  in  soil  work  is 
very  much  limited  owing  to  the  large  number  of  factors  involved  in  the 
soil  medium  which  influence  the  conductivity  of  the  electric  current. 
It  has  been-  found,  for  instance,  that  the  fine  particles  of  the  soil  in- 
crease the  resistance,  due  undoubtedly  to  the  lengthening  of  the  path 
between  the  electrodes  by  the  increase  in  curvature  of  the  grains.  The 
resistance  is  also  influenced  by  the  thinness  of  the  water  films.  These 
water  films  lose  the  properties  of  liquid  in  mass  when  they  become  too 
thin,  and  together  with  the  capillary  spaces  in  the  soil,  offer  a  greater 
resistance  to  the  electric  current.  Furthermore,  it  has  been  found  that 
the  presence  of  carbonates  and  organic  matter  also  materially  increase 
the  resistance  of  the  soil  solution  in  the  soil. 

From  these  facts,  it  is  evident,  then,  that  the  electrical  bridge  can- 
not be  used  to  ascertain  the  concentration  of  the  soil  solution  with 
much  reliance;  this  is  not  only  true  with  soil  short  of  saturation,  but 
also  with  saturated  soils.  Hence,  some  other  method  is  needed  to 
measure  the  concentration  of  the  soil  solution  in  the  soil. 

THE  FREEZING  POINT  METHOD  AS  A  NEW  l-fEANS. 

In  conducting  a  thorough  investigation  on  the  general  subject  of  soil 
temperature  at  this  Statior*,  the  influence  of  soluble  salts  on  the  lower- 
ing of  the  freezing  point  of  soils  was  also  studied.  It  was  observed 
that  the  phenomena  of  supercooling  and  freezing  behave  in  moist  soils 
exactly  the  same  way  as  in  solutions.  These  facts  suggested  at  once  the 
idea  that  the  freezing  point  method  might  be  employed  to  measure  the 
concentration  of  the  natural  soil  solution  in  the  soil  itself.  In  order 
to  ascertain  whether  or  not  this  could  possibly  be  done,  a  series  of  pre- 
liminary experiments  was  instituted,  using  different  classes  of  soil  with  I 
various  moisture  contents  or  known  concentrations  of  solution.  The  ^ 
procedure  consisted  of  placing  a  short  column  of  soil  in  a  narrow  glass 
tube,  inserting  the  bulb  of  the  thermometer  in  this  colunm  of  soil,  allow- 
ing the  soil  mass  to  supercool  and  moving  the  thermometer  in  the  soil 
to  start  solidification.  It  was  discovered  that  the  freezing  point  lower- 
ing of  the  soil  solution  in  the  soil,  could  be  determined  with  great 
ease.  Solidification  could  be  started  when  the  soil  mass  was  super- 
cooled to  only  about  0.3°C  by  simply  moving  the  thermometer  slightly 
in  the  soil.  The  lowering  of  the  freezing  point  could  be  determined  in 
soils  from  any  maximum  moisture  content  down  to  or  below  the  wilt- 
ing coefficient  of  plants.  In  the  case  of  quartz  sand,  for  instance,  the 
lowering  of  the  freezing  point  could  be  measured  when  the  moisture 
content  was  only  0.7%. 

(»)   Bills.  8  and  16,  Bur.  of  Soils.  V.  S.  Dept.  of  Agr..  1897  and  1910  respectively. 
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In  every  respect,  therefore,  the  method  appeared  so  promising  from 
these  preliminary  trials  of  being  capable  of  measuring  the  concentration 
of  the  real  soil  solution,  that  a  more  thorough  investigation  was  in- 
stituted, employing  a  greater  number  of  soils  at  different  moisture  con- 
tents and  treating  some  of  the  soils  with  a  large  number  of  chemical 
compounds  of  the  same  concentration  in  order  to  ascertain  what  effect 
the  application  of  soluble  salts  has  upon  the  concentration  of  the  soil 
solution.  The  results  obtained  are  in  many  respects  very  remarkable 
and  unexpected  and  promise  to  give  us  a  better  understanding  of  the 
fundamental  principles  governing  the  soil  solution.  In  the  following 
pages,  therefore',  there  are  presented  a  complete  description  of  the 
method  and  the  experimental  data  obtained. 


Fig.  1.   Apparatus  for  determiiiing  the  freezing  point  of  soils. 
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DESCRIPTION  OF,  THE  METHOD. 

The  lowerin^i:  of  the  freezing  point  of  soils  and  consequently  the 
concentration  of  their  solution  were  determined  by  the  nse  of  the  Beck- 
mann  apparatus  with  certain  modifications.  The  complete  apparatus 
employed  is  shown  in  Figure  1.  A  is  the  Beckmann  thermometer.  Its 
whole  scale  is  composed  of  only  5.860°  C.  Each  degree  is  divided  di- 
rectly into  100  parts,  and  with  the  assistance  of  a  pair  of  lenses,  the 
readings  can  be  made  to  .001°r.  B  is  a  gla?^  tube  1  inch  in  diameter 
and  9  inches  long,  and  contains  the  soil.  The  thermometer  passes 
through  a  rubber  stopper  at  the  mouth  of  the  tube  and  its  bulb  is  in- 
serted in  the  soil  column  until  it  is  entirely  covered.  The  tube  B  passes 
through  a  rubber  stopper  into  the  wider  glass  tube,  C,  which  is  1.5 
inches  in  diameter  and  6  inches  long,  and  acts  as  an  air  jacket  to  pre- 
vent rapid  cooling  or  radiation  from  the  soil  by  preventing  it  from 
coming  in  intimate  contact  with  the  cooling  mixture  contained  in  the 
battery  jar,  D.  In  order  to  reduce  as  much  heat  ratiation  as  possible 
from  the  cooling  mixture  and  thus  keep  its  temperature  more  con- 
stant, the  battery  jar  is  placed  in  a  small  wooden  box  and  packed  around 
with  excelsior.  The  wooden  box,  having  a  hole  at  the  bottom,  allowed 
to  drain  into  the  pan.  E,  any  water  that  might  have  fallen  into  it  dur- 
ing the  operation  of  filling  the  battery  jar  with  the  ice  and  water.  F 
is  a  common  thermometer  which  indicates  the  temperature  of  the  cool- 
ing bath. 

For  performing  a  freezing  point  determination  the  following  proced- 
ure was  always  followed.  The  battery  jar  was  filled  with  crushed  ice. 
To  this  ice  was  added  some  water  and  sufficient  salt,  usually  NaCl, 
to  produce  a  temperature  of  about  — 4.5  °0.  The  Beckmann  thermometer 
was  set  so  that  the  mercury  thread  would  come  to  rest  towards  the 
upper  part  of  the  scale  when  the  bulb  w^'is*  held  in  the  mixture  of  pure 
ice  and  distilled  water,  and  then  calibrated  with  distilled  water.  The 
freezing  point  of  distilled  water  wa?*  taken  as  zero,  and  the  lowering  of  the 
freezing  of  soils  was  obtained  by  getting  the  difference  between  the  freez- 
ing point  reading  of  the  distilled  water  and  that  of  the  soil.  The  freez- 
ing point  reading  of  the  soil  was  determined  by  placing  about  one  inch 
column  of  soil  in  the  glass  tube,  and  then  inserting  the  bulb  of  the 
thermometer  into  this  column  of  soil  until  it  was  completely  covered. 
The  tube  containing  the  soil  and  the  thermometer  was  placed  into  the 
air  jacket  and  allowed  to  cool  in  the  cooling  bath.  The  temperature 
of  the  soil  was  allowed  to  fall  until  it  was  abfuit  1°C  lower  than  the 
freezing  point  of  the  .soil,  i.  e.,  supercooled.  In  order  to  start  solidifi- 
cation, the  soil  tube  was  held  firmly  with  the  left  hand  near  its  mouth, 
and  with  the  right  hand,  the  thermometer  was  moved  or  rotated  toward 
and  away  from  the  operator,  until  the  temperature  began  to  rise.  The 
temperature  was  allowed  to  rise  until  it  came  to  rest  at  a  certain  point 
on  the  scale  and  remained  at  that  point  for  some  length  of  time.  This 
maximum  temperature  attained  was  considered  as  the  proper  freezing 
point  of  the  soil  and  recorded.  The  thermometer  was  always  tapped 
before  taking  the  final  reading. 

It  was  discovered  very  soon  at  the  l>eginning  that  it  required  a  very 
long  time  for  the  soil  to  cool  in  the  air  jacket,  owing  to  the  poor  heat 
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conductivity  of  the  air  in  the  jacket.  It  was  finally  decided  to  hasten 
the  process  by  bringing  the  tube  containing  the  soil  and  the  ther- 
mometer in  intimate  contact  with  the  cooling  mixture  and  allowing 
the  soil  mass  to  cool  to  about  5*^0  above  the  freezing  point  of  water, 
or  until  there  was  only  a  small  amount  of  mercury  at  the  upper  part 
of  the  reservoir,  and  then  taking  out  the  soil  tube  from  the  cooling 
mixture  and  inserting  it  at  once  into  the  air  jacket  and  letting  the 
soil  mass  to  cool  slowly.  This  procedure,  however,  was  generally  success- 
ful w^hen  the  soils  contained  a  high  moisture  content,  but  not  when 
they  had  a  low  water  content.  In  the  latter  case  solidification  would 
cwnmence  before  supercooling  had  taken  place  and  the  proper  lowering 
of  the  freezing  point  could  not,  of  course,  be  determined.  The  plan, 
therefore,  was  modified,  and  in  its  final  form  consisted  of  cooling  the 
soil  directly  in  the  cooling  mixture  until  all  the  mercury  had  left  the 
reservoir  and  then  taking  that  portion  of  the  tube  containing  the  soil 
between  the  palm  of  the  hand  and  warming  it  until  the  mercury  thread 
began  to  rise  again.  The  tube  w^as  then  placed  into  the  air  jacket  in 
the  cooling  bath  and  allowed  the  soil  to  cool  gradually.  The  process  of 
warming  the  soil  slightly  after  it  was  taken  from  the  cooling  mixture 
proved  a  great  success  as  it  almost  always  prevented  the  occurence  of 
solidification  before  supercooling  had  taken  place.  With  the  above  plan  in 
its  final  form,  therefore,  the  time  required  for  making  a  freezing  point 
determination  was  reduced  about  60%,  and  as  many  as  30  freezing 
point  determinations  have  been  made  in  one  day — 8  hours. 

For  taking  off  the  initial  excess  of  heat  from  the  soil  system  it  was 
found  convenient  to  employ  a  second  battery  jar  containing  a  cooling 
mixture  of  the  same  temperature  as  the  first. 

It  was  found  very  essential  to  allow  the  soil  to  supercool  to  about  VG 
below  its  freezing  point,  although  solidification  could  be  induced  at 
the  supercooling  of  only  about  0.3°C,  in  order  to  obtain  quicker  and 
more  accurate  readings.  By  supercooling  the  soil  to  about  l^'C,  suffi- 
cient solid  or  crystal  ice  of  the  pure  soil  water  is  immediately  sepa- 
rated to  warm  the  soil  system  quickly  up  to  its  proper  freezing  point. 
If  the  amount  of  the  supercooling  is  small,  the  separation  of  the  solvent 
is  very  slow,  the  thermometer  comes  to  rest  only  very  slowly,  and  the 
readings  obtained  are  not  accurate,  especially  with  soils  of  low  moisture 
content. 

On  the  other  hand,  too  much  supercooling  is  also  a  source  of  error, 
and  especially  if  the  soil  solution  is  highly  concentrated.  The  freez- 
ing point  of  a  solution  is  the  temperature  at  which  ice  and  solution  exist 
in  equilibrium.  Upon  freezing,  pure  water  separates  in  the  solid  phase, 
and  the  liquid  which  remains,  and  whose  temperature  in  equilibrium 
with  the  mass  of  the  ice  crystals,  is  read  from  the  thermometer,  is  not 
the  same,  but  more  concentrated  than  the  original  solution.  In  con- 
sequence, the  observed  depression  of  the  freezing  point  is  lower  than 
the  true  lowering  of  the  freezing  point  of  the  solution  under  investi- 
gation. The  amount  of  solid  solvent  formed  depends  upon  the  amount 
of  supercooling  and  the  heat  of  solidification  of  the  solvent,  w^hich  is 
obviously  equal  to  its  heat  of  fusion.  The  greater  the  undercooling, 
therefore,  and  the  larger  the  amount  of  ice  that  will  separate  at  the 
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moment  of  freezing,  the  greater  will  be  the  concentration  of  the  remain- 
ing solution,  and,  consequently,  the  larger  will  be  the  error  on  the 
lowering  of  the  freezing  point.  In  order  to  compensate  for  this  source 
of  error  as  much  as  possible,  a  correction  may  be  introduced.  Let  u 
be  the  undercooling  of  the  solution  in  degrees,  s,  the  specific  heat  of 
the  liquid,  and  1,  the  latent  heat  of  fusion  of  unit  weight  of  the  solvent; 

BU 

then,  —  =  f ,  where  f  is  the  amount  by  which  the  solution  will  be  con 
1 

centrated,  due  to  the  separation  of  ice. 

While  this  formula  may  be  applicable  in  case  of  solutions  in  mass, 
it  was  not  considered  to  be  so  in  soils,  and  consequently  it  was  not 
employed  in  the  final  determination  of  the  lowering  of  the  freezing 
point  of  soils.  The  error  arising  from  this  source,  however,  is  not 
great  enough  to  affect  the  results  very  appreciably  considering  the 
amount  of  undercooling  employed. 

The  length  of  time  at  which  the  mercury  column  remained  at  the 
proper  freezing  point  seems  to  be  inversely  proportional  to  the  con- 
centration of  the  soil  solution.  This  phenomenon  is,  of  course,  due  to 
the  separation  of  the  solid  solvent  which  causes  the  solution  to  become 
more  concentrated  and  lowers  its  freezing  point.  When  the  soil  solu- 
tion is  very  dilute,  the  relative  mass  of  pure  water  is  large,  and  the 
time  required  for  all  of  it  to  freeze  in  the  solid  phase  so  that  the  freez- 
ing point  may  sink,  is  very  long.  Hence,  the  real  freezing  point  re- 
mains at  its  place  a  long  time.  When  the  soil  solution  is  concentrated, 
however,  the  relative  mass  of  the  pure  solvent  is  not  large,  and  a  small 
quantity  of  ice  separated,  concentrates  the  mass  of  the  solution  and 
lowers  the  freezing  point,  hence,  the  length  of  period  during  which  the 
actual  freezing  point  remains  at  its  place,  is  short.  The  time  varies 
from  several  minutes,  in  the  soil  with  high  moisture  content,  to  less 
than  a  minute  in  the  soil  with  a  very  low  water  content. 

It  has  already  been  stated  that  the  temperature  of  the  cooling  bath 
was  maintained  at  about  — 4.5 °C.  It  was  found  that  if  the  temperature 
was  lower  than  this  the  rate  of  cooling  of  the  soil  mass  would  be  too 
rapid  and  solidification  would  commence  before  supercooling  had  oc- 
curred. The  temperature  then  would  descend  very  slowly  and  the 
proper  lowering  of  the  freezing  point  could  not  be  determined  ac- 
curately. On  the  other  hand,  if  the  temperature  was  less  than  — 4.5° 
the  soil  mass  would  cool  very  slowly,  and  consequently,  would  take 
much  longer  to  make  a  freezing  point  determination. 

From  theoretical  reasons,  a  too  low  temperature  in  the  cooling  bath 
involves  an  error  in  the  final  reading  owing  to  the  radiation  and  con- 
duction of  heat  from  the  soil.  The  greater  the  difference  in  tempera- 
ture between  that  of  the  soil  system  and  the  cooling  bath  the  greater 
is  the  amount  of  radiation  from  the  soil  and  consequently  the  lowering 
of  the  freezing  point  will  be  slightly  greater.  The  amount  of  error 
arising  from  this  source,  however,  is  also  very  small. 

As  previously  mentioned,  the  lowering  of  the  freezing  point  of  soils 
could  be  measured  from  any  maximum  water  content  down  to  a  very 
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low  water  content,  probably  lower  than  at  the  wilting  coefficient  of 
plants.  Below  this  last  lower  limit,  solidification  coiild  not  be  induced 
very  readily.  At  the  high  moisture  content  duplicate  determinations  of 
the  same  sample  would  agree  exactly  with  one  another,  or  vary  only  a 
few  thousandths  of  a  degree.  At  the  low  moisture  content,  however,  the 
duplicate  determinations  of  the  same  sample  would  agree  only  with 
some  soils,  such  as  the  quartz  sand  and  sandy  soils,  but  with  other  soils, 
such  as  the  clay  and  loam,  the  variation  would  be  considerable,  but 
always  consistent,  namely,  the  first  lowering  of  the  freezing  point  was 
always  greater  than  the  second.  The  duplicate  determination  of  differ- 
ent samples  of  the  same  soil,  however,  would  agree  very  closely,  oven 
with  the  latter  soils.  The  probable  jeason  for  the  change  or  decrease 
in  the  lowering  of  the  freezing  point  with  successive  freezings  in  the 
case  of  colloidal  soils  at  low  moisture  content  will  be  offered  subse- 
quently. 

Great  care  was  always  exercised  to  secure  as  uniform  moisture  con- 
tent throughout  the  entire  sample  of  soil  under  investigation,  as  possi- 
ble. It  was  recognized  that  if  some  particles  of  the  soil  sample  were 
not  moistened  the  lowering  of  the  freezing  point  would  be  less,  because 
not  all  of  the  soluble  material  would  be  in  solution.  The  soil  sample 
short  of  saturation,  therefore,  was  prepared  by  passing  it  through  a 
sieve  several  times  and  mixing  it  thoroughly  with  the  fingers.  Even 
then,  it  cannot  be  said  that  all  of  the  soil  grains  were  moistened  exactly 
to  the  same  extent,  but  if  they  were  all  sufficiently  moist  so  that  their 
film  would  freeze  upon  supercooling  then  the  freezing  point  depression 
observed  would  be  an  average  of  the  lowering  of  the  freezing  of  the 
various  particles.  The  soil  samples  which  contained  high  moisture  con- 
tents and  could  not  be  passed  through  the  sieve,  especially  if  they  con- 
sisted of  the  colloidal  types,  were  thoroughly  worked  with  the  fingers. 
Great  precaution  was  taken,  of  course,  to  have  the  latter  thoroughly 
clean.  There  is  some  danger  of  salts  being  added  to  the  soil  through 
perspiration  of  the  fingers,  but  the  amount  would  be  so  insignificant  that 
it  could  never  be  detected  by  the  method. 

It  was  feared  at  the  outset  that  on  account  of  the  compressability 
of  the  mercury  bulb  great  errors  might  be  caused  by  the  expansion  of 
the  soil  upon  freezing.  A  thorough  examination  of  this  point,  however, 
proved  that  an  error  might  arise  from  this  source  only  when  the  soil 
in  the  tube  was  extremely  compacted,  but  otherwise  there  is  none.  To 
guard  against  any  possibility  of  error  of  this  nature,  however,  the  soil 
in  the  tube  was  only  slightly  compacted  and  the  bulb  of  the  ther- 
mometer was  always  moved  in  the  soil  at  the  beginning  so  that  it  would 
be  loose. 

In  calibrating  the  thermometer  with  distilled  water  and  attempting 
to  keep  it  at  that  set  point  for  several  days,  it  was  found  that  it  would 
not  remain  the  same,  but  would  change.  This  change  was  not  always 
in  the  same  direction,  but  varied  in  both  directions.  In  examining 
several  treatises  on  thermometry,  no  mention  was  made  of  this  fact, 
and  could  not  be  accounted  for  at  the  beginning  of  the  investigation. 
It  was  soon  discovered,  however,  that  it  was  caused  by  the  difference 
in  temperature  of  the  room  in  which  the  thermometer  was  calibrated 
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at  the  different  days.  Thus  if  the  room  teuiperatiire  was  20°  ou  one 
day  and  25°  on  another  day  tlie  free7.ing  ix)int  of  tlie  same  distilled 
water  would  be  diffei-ent  and  indeed  the  i-eading  on  the  thermometer 
would  be  greater  at  the  highest  temperature.  When  the  room  temi)era- 
ture,  however,  remained  unchanged,  exactly  the  same  freezing  point 
of  the  distilled  water  would  be  obtained  every  day  for  a  long  time. 
Evidently  the  room  temperature  influences  the  exposed  mercury  column. 
This  effect,  however,  is  not  the  same  as  that  due  to  the  emergent  col- 
umn. The  magnitude  of  the  change  depends  upon  the  difference  in  the 
temperature.  Preliminary  experiments  showed  that  a  temperature  dif- 
ference of  ±  10°C  caused  a  change  of  ±  .020  °C  on  the  freezing  point 
of  water.  If  it  is  desired  to  save  time  by  not  calibrating  the  ther- 
mometer too  often  a  correction  such  as  the  above  could  be  worked  out 
and  applied  to  the  readings  obtained.  In  the  present  investigation, 
however,  the  room  temperature  remained  quite  constant  and  it  was 
not  necessary  to  apply  a  correction. 

EXPERIMENTAL  DATA. 

The  Lowering  of  the  Freezing  Point  of  Soils  at  Different  Moisture 
Contents;  and  under  Other  Conditions. 

In  accordance  with  the  foregoing  method  and  the  necessary  precau- 
tions mentioned,  the  lowering  of  the  freezing  point  of  a  lai^e  number 
of  soils  was  determined.  In  the  present  paper,  however,  only  the  re- 
sults of  typical  representatives  of  divei*se  classes  of  soil  are  presented 
with  the  view  of  showing  mainly  the  character  of  results  that  this 
method  yields.  All  the  soils  employed,  with  the  exception  of  quartz 
sand  and  kalolin,  were  taken  from  the  field  and  were  consequently  in 
the  natural  state.  Since  preliminary  trials  showed  that  the  lowering 
of  the  freezing  point  varied  with  the  moisture  content,  it  was  decided 
to  measure  the  former  in  each  soil  at  two  different  moisture  contents, 
low  and  high.  These  two  different  degrees  of  water  content  were  arbi- 
trarily chosen  for  purposes  of  comparison,  and  are  not  exactly  equiv- 
alent for  the  various  types  of  soil.  The  low  moisture  content  does  not 
indicate  the  lowest  limit  at  which  solidification  would  occur,  for  in 
many  of  the  soils  the  water  content  could  well  have  been  reduced  con* 
siderably  more,  but  at  this  low  degree  of  water  content  the  solidifi- 
cation could  be  induced  very  readily  and  the  readings  could  be  abso- 
lutely depended  upon.  The  high  moisture  content  may  be  taken  to 
represent  the  point  of  saturation.  In  order  to  secure  these  two  extreme 
and  opposite  degrees  of  water  content,  water  was  either  added  to  the 
soil,  if  it  was  not  already  saturated  when  taken  from  the  field,  or  with- 
drawn from  it  by  spreading  it  in  a  thin  layer  and  allowing  it  to  lose 
water  until  the  desired  moisture  content  was  reached.  In  many  cases 
the  soil  as  taken  from  the  field  was  sufficiently  dry  to  be  used  imme- 
diately for  the  freezing  point  determination.  The  majority  of  the  soils 
presented  in  Table  1  were  collected  in  the  vicinity  of  this  College,  a  few 
were  sent  in  from  other  counties  of  the  State,  and  they  all  constitute 
the  upper  6-inch  layer  of  the  field. 

In  order  to  obtain  an  idea  as  to  the  magnitude  of  concentration  and 
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osmotic  pressure  that  the  depressions  of  the  freezing  point  represent 
at  the  opposite  extreme  moisture  contents,  the  values  of  both  of  these 
factors  have  been  calculated  and  are  presented  together  with  their  re- 
spective depressions  of  the  freezing  point.  The  concentration  is  ex- 
pressed in  parts  per  million  of  solution  and  was  calculated  directly  from 
soil  water  extracts  and  not  from  any  particular  pure  chemical  com- 
pound or  combinations  therefrom.  The  procedure  for  accomplishing 
this  consisted  of  mixing  a  large  amount  of  soil  with  a  small  quantity 
of  water,  allowing  the  mixture  to  stand  for  about  two  days  with  oc- 
casional stirring,  and  then  Altering  the  solution  through  a  filter  paper. 
A  portion  of  this  solution  was  used  to  measure  its  lowering  of  the  freez- 
ing point  and  the  remainder  was  employed  to  determine  its  total  solid 
matter  by  evaporating  a  definite  volume  of  it  to  dryness  and  weighing  the 
residue.  From  the  freezing  point  depression  of  the  extract  and  its  cor- 
responding amount  of  solid  material  present,  the  concentration  in  p. 
p.  m.  of  solution  that  might  be  represented  by  the  values  of  the  lowering 
of  the  freezing  point  of  each  soil  was  calculated.  There  were  three 
different  types  of  soil  from  which  water  extracts  were  made;  namely, 
clay,  loam  and  peat.  It  was  found  by  calculation  that  100  p.  p.  m.  of 
solid  material  in  the  soil  water  extract  gave  the  following  values 
of  the  lowering  of  the  freezing  point;  clay,  .0038°,  loam  .0030°,  and 
peat  .0031°C.  Evidently  equal  concentration  of  tbe  water  extracts  of 
these  three  different  types  of  soil  cauvsed  about  the  same  lowering  of 
the  freezing  point.  This^  is  extremely  interesting,  in  view  of  the  fact  that 
on  account  of  the  marked  difference  in  the  physical  and  chemical  com- 
position of  these  soil  tyi>es  entirely  different  results  might  have  been 
expected.  On  account  of  this  remarkable  closeness  of  the  lowering  of 
the  freezing  point  for  all  three  soil  extracts,  an  average  was  taken  in 
the  computation  of  the  concentration  of  the  soil  solution  of  the  various 
soils  as  represented  by  their  lowering  of  the  freezing  point. 

It  is  readily  realized  that  the  foregoing  procedure  of  estimating  the 
magnitude  of  concentration  that  the  various  values  of  the  freezing 
point  depression  might  represent  is  open  to  many  objections,  but  it  is 
believed  that  it  is  perhaps  the  best  way  of  obtaining  an  idea  as  to  the 
magnitude  of  this  value. 

The  osmotic  pressure  was  calculated  from  a  ttible  of  osmotic  pressures 
as  worked  out  by  Harris  and  (lortner,  (9),  from  the  formula  ^  = 
12.06  a  —  0.021a',  where  ^  is  the  osmotic  pressure  in  atmospheres, 
and  A  is  the  lowering  of  the  freezing  point  in  centigi*ade  degrees.  For 
convenience  and  usefulness  this  table  is  reproduced  herewith. 

(»)    Am.  Jour.  Bot.  1,  75-78,  1914. 
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Table  1.    Osmotic  Pressure  in  Atmospheres  for  Depression  of  the  Freezing  Point  to  £.99&*  C. 


Hundredths  of  Degrees,  Centigrade. 
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The  osmotic  pressures  corresponding  to  depressions  of  hundredths  of 
degrees  may  be  read  directly  from  the  table.  Furthermore,  for  all 
practical  purposes  the  first  differences  x  0.1  may  be  taken  as  0.012, 
henqe,  pressures  when  a  is  read  to  thousandtlis  of  a  degree  may  be  at 
once  determined.  Thus,  suppose  a  to  be  1.224°.  For  a  =  1.24*"  pres- 
sure =  14.92°.   14.92  (4  x  0.012)  =  14.968. 

The  lowering  of  the  freezing  point  of  various  types  of  soils,  then,  at 
two  different  moisture  contents,  together  with  the  calculated  concen- 
tration in  p.  p.  m.  of  solution  and  osmotic  pressure  in  atmospheres 
that  these  values  of  the  freezing  point  depression  might  represent,  are 
shown  in  Table  2. 
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From  a  careful  examination  and  consideration  of  the  above  results 
it  will  at  once  be  recognized  that  they  are  extremely  unusual  and  indeed 
almost  incredible,  in  view  of  the  present  ideas  concerning  the  soil  solu- 
tion. They  show,  for  example,  that  at  the  high  moisture  content,  the 
lowering  of  the  freezing  point  and  conwquently  the  concentration,  are 
very  small  and  only  slightly  different  for  the  various  classes  of  soil,  but 
at  the  low  moisture  content,  the  lowering  of  the  freezing  point  and  con- 
sequently also  the  concentration,  are  extraordinarily  high  and  very  differ- 
ent for  the  same  classes  of  soil  as  above.  Thus,  at  the  high  water  content, 
the  magnitude  of  the  lowering  of  the  freezing  point  varies  from  .003°C 
in  case  of  the  peat,  to  0.050°C  in  humus  loam,  but  the  mean  for  the 
majority  of  the  soils  is  around  0.010''  and  0.020°O.  At  the  low  moisture 
content,  however,  the  magnitude  of  the  depression  varies  from  0.070°C 
in  the  case  of  washed  quartz  sand  of  medium  texture,  to  0.955°C  in 
medium  heavy  clay,  and  tends  to  increase  from  soils  composed  mainly 
of  pure  silica,  to  soils  containing  complex  aluminum-silicates  and  or- 
ganic matter. 

These  values  of  the  freezing  point  depression  at  the  low  moisture  con- 
tent would  have  been  still  greater  had  the  moisture  content  been  farther 
lowered.  It  is  to  be  noted,  however,  that  with  some  soils,  the  lowering 
of  the  vfreezing  point  could  not  be  much  more  increased  with  further 
reduction  in  water  content  because  they  have  approached  the  point  of 
dryness.  Thus,  the  quartz  sand  and  one  of  the  sandy  soils  contain  only 
1.5  and  2.6%  of  water,  respectively.  While  many  of  the  clays  and  clay 
loams  contain  as  much  as  20%  and  one  of  the  peats,  138.J>7%  moisture. 
Yet,  when  the  quartz  sand  and  sandy  soils  have  reached  the  point  of 
dryness,  their  maximum  lowering  of  the  freezing  point  is  only  about 
0.100°C,  while  that  of  the  clays  and  clay  loams,  whose  moisture  content 
is  more  than  enough  to  saturate  these  sandy  soils,  give  a  lowering  of 
the  freezing  point  close  to  1.000°C,  or  ten  times  greater. 

The  concentration  that  the  lowering  of  the  freezing  point  at  the  low 
moisture  content  of  the  more  complex  soils  represents,  is  really  tre- 
mendous. Thus,  the  depression  of  .985°C  in  one  of  the  clay  soils  repre- 
sents a  concentration,  as  calculat^^d  by  the  method  already  described,  of 
28,940  p.  p.  m.  and  an  osmotic  pressure  of  12.04  atmospheres.  These 
great  magnitudes  of  concentration  and  osmotic  pressure  of  clay  are 
typical  examples  of  all  the  complex  types  of  soils  investigated.  In  the 
simple  types  of  soils,  however,  as  typified  by  quartz  sand,  the  corres- 
ponding depression  of  .070°C  indicates  a  concentration  of  only  2121  p. 
p.  m.  and  an  osmotic  pressure  of  0.800  atmospheres. 

On  the  other  hand,  the  concentration  that  the  depression  of  the  freez- 
ing point  of  all  the  soils  represents  at  the  high  moisture  content,  is 
compjiratively  low,  averaging  alx>ut  GOO  p.  p.  m.  for  the  majority  of 
the  complex  soils  and  about  300  p.  p.  m.  for  the  simple  soils,  with  an 
osmotic  pressure  of  .350  and  .150  atmospheres,  respectively. 

A  further  examination  of  Table  2  also  reveals  the  remarkable  fact 
that  the  lowering  of  the  freezing  i)oint  increases  in  all  the  soils,  with 
the  exception  of  qniwfz  sand,  at  a  far  greater  rate  than  the  percentage 
of  water  decreases.    In  other  words,  the  ratio  of  the  lowering  of  the 
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freezing  point  and  of  tlie  water  content  are  not  inversely  proportional, 
(approximately),  to  each  other  as  might  be  expected,  except  only  in 
qnartz  sand.  Thus,  vhxy  at  36.5%  of  moisture  gave  a  depression  of 
.034°C,  and  at  18.80%,  .955°0,  the  ratio  of  the  percentage  of  water  at 
the  two  moisture  contents  is  only  1.94,  while  that  of  the  depression  of 
the  freezing  point  is  27.11.  A  sandy  loam,  which  at  21.53%  of  water 
gave  a  depression  of  .020° C,  and  at  8.30%,  .450°C,  shows  a  ratio  of 
2.35  in  percentage  of  water  to  22^  in  the  lowering  of  the  freezing  point. 
In  the  case  of  quartz  sand,  however,  the  ratio  of  the  depression  is  di- 
rectly inversely  proportional  to  the  water  content.  Thus,  at  1.5%  of 
water  content  the  depression  is  .070°C  and  at  15%  it  is  .007°G,  the 
inverse  ratio,  therefore,  being  10  to  10,  respectively. 

Apparently,  the  quartz  sand  yields  different  results  from  all  the 
other  types  of  soil  and  its  data  can  be  mathematically  expressed  by  the 
simple  equation  M.D.  =  K.  where  K  is  a  resultant  constant,  M  is  the  per- 
centage of  moisture  content  and  D,  the  observed  depression  of  the  freez- 
ing point.  The  following  table  serves  to  show  how  close  the  data  of 
the  quartz  sand  follow  the  above  formula: 


Table  3.    Lowering  of  the  Freezing  Point  of  Quartz  Sand 
at  Various  Moisture  Contents. 


 1. .  .  —  

Percentage 
of 

moisture. 

Observed 
lowering  of  the 
freezing  point. 

Constant 
K. 

1.5 

.070 

.105 

3.7 

.026 

.0962 

7.5 

.012 

.0920 

15.0 

.007 

.105 

The  last  column  to  the  right  nmtains  the  value  or  constant  ob- 
tained by  multiplying  the  percentage  of  moisture  by  the  observed  lower- 
ing of  the  freezing  point.  It  will  be  noted  that  the  constant  K  is  prac- 
tically the  same  at  all  moisture  contents,  which  goes  to  prove  that 
the  data  of  the  quartz  sand  follow  the  foregoing  mathematical  formula 
remarkably  close. 

The  same  conF.tant  is  obtained  even  when  the  quartz  sand  is  treated 
with  a  salt  solution  and  allowed  to  dry  and  then  determining  its  de- 
pression at  different  moisture  eContents. 

The  question  now  rises,  do  the  results  of  the  other  types  of  soil  also 
follow  some  mathematical  law,  i.  e.,  are  they  expressable  mathematical- 
ly? In  order  to  obtain  definite  data  upon  this  point  the  lowering  of 
the  freezing  point  of  a  large  number  of  soils  was  determined  at  various 
moisture  contents.  The  procedure  consisted  of  allowing  tlie  soils  to 
become  air  dry  and  then  adding  different  quantities  of  water  to  the  same 
amount  of  soil,  allowing  the  mixture  to  stand  in  a  moist  atmosphere  at 
room  temperature  for  about  24  hours  and  then  determining  its  lower- 
ing of  the  freezing  ])oint.  The  moisture  content  varied  from  very  low 
to  very  high.  Great  precaution  was  taken  to  moisten  the  whole  mass 
of  each  sample  very  unifonnly.    Several  types  of  soil  were  used  for 
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this  study,  but  in  Table  4  the  results  of  only  a  sandy  loam,  humus  loam, 
silt  loam,  and  clay  are  presented,  which  suffice  to  illustrate  the  general 
principle.    These  results  are  graphically  illustrated  by  Figure  2. 
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Fig.  2.  Curves  showing  the  increaM  in  thjO  lowering  of  the  freezing  point  of  soU  with  the  ctocieaae 
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TahU  4-    Lowering  of  the  Freezing  Point  of  Varioue  Typee  of  Soil  at  Different  Moisture  Contents. 


Clay. 


Silt  Loam. 


Observed 

Calculated 

Observed 

Calculated 

Percentage 

lowering 

lowering 

Percentage 

lowering 

lowering 

of 

of  t  he 

of  the 

of 

of  the 

of  the 

moisture. 

freezing 

freezing  i 

moisture. 

freezing 

freezing 

point. 

point. 

1 

'  point. 

point. 

18 

.922 

i  i» 

.860 

20 

.680 

.6242 

1  18 

.560 

.6880 

22 

.307 

.3916 

1  20 

.350 

.4480 

24 

.212 

.2078 

'  22 

.200 

.2800 

26 

.127 

.1435 

1  24 

.095 

.1600 

28 

.082 

.0859 

'  26 

.076 

.0760 

30 

.062 

.0656  ! 

1  28 

.071 

.0608 

32 

.042 

.0419 

30 

.060 

.0568 

34 

.034 

.284  1 

1 

1  

Humus  Loam. 

1 

Sandy  Loam. 

14 

1.200 

1 

7.0 

.390 

18 

.760 

.7888 

0.0 

.220 

.2925 

22 

.420 

.4995 

11.0 

.130 

.1650 

26 

.245 

.2761 

13.0 

.087 

.0976 

30 

.140 

.1610 

15.0 

.065 

.0642 

34 

.089 

.0920 

17.0 

.040 

.0487 

38 

.0585 

.0585 

19.0 

.030 

.0300 

21.0 

.025 

.0225 

The  lowering  of  the  freezing  point  at  the  different  moisture  contents 
is  shown  in  the  second  column  of  each  soil.  These  results  also  follow 
a  mathematical  law  and  indeed  the  geometric  progression  law,  i.  e.,  the 
lowering  of  the  freezing  increases  in  a  geometric  progression,  while 
the  percentage  of  water  decreases  in  an  arithmetic  progression.  The 
agi'eement  between  the  observed  and  calculated  values  of  the  lowering 
of  the  freezing  point  is  remarkably  close, — considering  the  na- 
ture of  the  soil  medium — as  shown  by  the  last  two  columns 
of  each  soil.  The  calculated  values  were  obtained  by  dividing 
one  of  the  observed  depressions  by  the  one  pi'eceding  and  multiplying 
the  various  lowerings  of  the  freezing  point  by  the  ratio  thus  obtained. 
Since  the  depressions  at  the  higher  moisture  content  are  considered  to 
be  the  most  accurate  they  were  used  for  obtaining  the  ratio  or  constant. 
Probably  it  would  have  been  permissible  to  take  an  average  of  all  the 
ratios  between  the  different  values  of  the  depression  and  in  which  case 
the  calculated  values  would  be  much  closer  to  the  observed  values.  If 
the  results  then  follow  the  geometric  progression  law  they  are  express- 
able  by  the  equation  I)  =  AR*^  ^  where  D  is  the  depression  of  the  freez- 
ing point,  A  the  first  depression,  R  the  ratio  of  any  depression  (except 
the  first)  to  the  preceding  one,  and  n  the  number  of  the  depression. 
According  to  this  formula  if  the  lowering  of  the  freezing  of  a  soil  is 
determined  at  two  different  moisture  contents  it  can  be  calculated  at 
any  other  moisture  content. 

The  main  facts  brought  out  by  the  investigation  thus  far  may  be 
summarized  then,  as  follows:  At  low  moisture  content  the  lowering 
of  the  freezing  is  extraordinarily  high  and  very  different  for  the  various 
types  of  soil,  being  lowest  in  the  sandy  types  and  highest  in  the  clay 
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types;  at  high  moisture  content,  however,  the  lowering  of  the  freezing 
point  is  relatively  vei-y  low  and  only  slightly  different  for  .the  diverse 
classes  of  soil;  in  all  the  different  sNoils  with  the  exception  of  quartz 
sand,  the  depress^ion  of  the  fi-eezing  point  increases  in  a  geometric 
progression  as  the  percentage  of  moisture  decreases  in  an  arithmetic 
progression ;  in  the  case  of  quartz,  however,  the  lowering  of  the  freez- 
ing point  increases  directly  as  the  moisture  content  decreases;  the 
magnitude  of  concentration  and  osmotic  pressure  that  the  lowerings  of 
the  freezing  point  represent  at  the  low  moisture  content,  are  tremend- 
ously high,  especially  in  the  complex  types  of  soil,  but  at  the  high 
moisture  content,  they  are  comparatively  very-  small. 

It  will  at  once  be  admitted,  therefore,  that  these  results  are  extremely 
unusual  and  do  not  harmonize  with  the  present  views  concerning  the 
soil  solution.  It  is  almost  universally  believed,  for  instance,  that  the 
soil  solution  is  very  dilute,  and  according  to  a  theory  advanced  by 
Whitney  and  Cameron,  (10),  many  years  ago,  the  soil  solution  is  not 
only  very  dilute,  but  also,  its  magnitude  of  concentration  tends  to  re- 
main constant  and  to  be  the  same  for  practically  all  soils,  since  it  tends  to 
be  saturated  or  in  equilibrium  with  the  mineral  constituents  of  the  soil. 
They  based  their  theoiy  upon  the  assumption  that  the  mineral  sub 
stances  comprising  the  soil  are  comjdex  salts  with  slight  solubilities  in 
water,  and  consequently,  only  small  amounts  of  them  would  be  required 
to  go  into  solution  to  form  a  i=^iturated  solution.  Since  the  solution  is 
saturated  in  respect  to  the  mineral  constituents  of  the  soil,  the  addition 
of  a  soluble  salt,  such  as  KCl,  may  not  increase  the  concentration  but 
would  force  back  the  disociation  of  the  corresponding  ions  and  thus 
maintain  a  constant  concentration  of  solution. 

Since  the  discovery  of  the  phenomena  of  absorption  and  adsorption 
of  salts  by  soils  it  has  been  suggested,  especially  by  Schloesing,  and 
at  present  very  widely  believed,  that  these  pi^operties  control  or  regu- 
late the  concentration  of  salts  in  solution  and  that  the  concentration  of 
the  solution  of  any  given  soil  tends  to  remain  practically  constant. 
This  view  is  well  expressed  in  a  recent  paper  by  Bogue,  (11).  To  quote: 
'*But,  the  concentration  of  the  salts  in  the  soil  solution  tends  to  remain 
practically  constant  for  any  given  soil.  Thus,  for  example,  if  the  con- 
centration of  potassium  in  the  soil  moisture  should  be  lessened  by  the 
leaching  of  heavy  rains,  or  the  taking  up  of  potassium  by  the  plants,  or 
by  any  other  cause,  this  concentration  w^ould  quickly  be  re-established 
by  the  soil  giving  up  of  its  absorbed  potassium  until  the  constant  was 
again  reached.  Or,  if  on  the  other  hand,  the  concentration  of  potassium 
in  the  soil  solution  should  be  iucreasefl  as  by  the  application  of  a 
soluble  fertilizer,  or  by  evaporation  of  the  soil  moisture,  the  constant 
would  be  restored  bv  the  absorption  of  the  excess  potassium  by  the 
soil." 

The  foregoing  results  on  the  lowering  of  the  freezing  point,  as  well 
as  other  data  subsequently  to  be  presented,  diametrically  oppose  the 
above  theories.  Contrary  to  both  these  theories,  the  concentration  of 
the  soil  solutiqn  as  indicated  by  the  lowering  of  the  freezing  point,  does 
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not  remain  constant  but  varies  tremendously,  and  indeed  increases 
greatly  with  the  dec?rease  in  moisture  content,  so  that  at  a  low  water 
content  the  magnitude  of  the  concentration  is  very  great.  Further- 
more, the  magnitude  of  concentration  at  a  low  moisture  content  is  not 
only  not  the  same  for  the  various  types  of  soil,  but  it  is  far  greater  in 
those  classes  which  would  be  expected  to  possess  the  greatest  absorbtive 
power. 

Hence,  if  either  one  or  both  of  the  above  theories  are  correct,  then 
the  foregoing  results  on  the  lowering  of  the  freezing  point  do  not  repre 
sent  actual  concentration  of  solution,  but  they  are  influenced  by  some 
physical  force.  One  of  the  physical  factors  which  might  produce  such 
results,  it  was  thought,  is  the  pressure  with  which  the  water  films  are 
held  by  the  soil  grains.  It  is  well  known,  for  example,  that  pressure 
lowers  the  freezing  point  of  water  to  the  extent  as  shown  by  the  data 
in  Table  5. 


Table  S.     Effect  of  Presmre  on  the  Freening  Point  of 
Water, 


Pressure  in 
Atmospheres. 

Freezing  Point  of 
Water  Xowered. 

138.888 

277.777 

2.0 

416.666 

3.0 

555.550 

4.0 

604.440 

5.0 

13,000.000 

18-20 

It  was  reasoned  that  at  the  low  moisture  content  the  pressure  of  the 
water  films  would  be  greater  than  at  the  high  moisture  content  and 
consequently  the  lowering  of  the  freezing  point  would  be  greater  in  the 
former  than  in  the  latter. 

A  critical  theoretical  examination  of  this  hypothesis,  however,  has 
failed  to  show  that  the  pressure  is  the  probable  cause  of  the  results 
noted.  Furthermore,  all  direct  and  indirect  evidences  point  overwhelm- 
ingly against  it.  Some  of  the  evidences  against  it  may  be  mentioned 
the  following:  (1).  The  rate  of  increase  of  the  lowering  of  the  freez- 
ing point  with  the  decease  in  moisture  content,  is  practically  the  same 
from  the  lowest  to  the  highest  moisture  content.  (2).  The  washed 
quartz  sand  which  would  not  be  expected  to  contain  a  solution  of  high 
concentration  gives  a  depression  of  only  .070*'C  at  1.5%  moisture  con- 
tent or  almost  at  the  point  of  dryness,  while  clay,  which  would  be  ex- 
pected to  possess  a  very  highly  concentrated  solution,  gives  a  lowering 
of  the  freezing  point  of  .955°C  at  18.80%  moisture.  The  clay,  at  a 
high  moisture  content  where  the  pressure  of  the  water  films  would  be 
reduced  to  minimum,  gives  a  freezing-point  depression  many  times 
greater  than  that  of  the  quartz  sand  at  the  point  of  dryness.  (3). 
The  water  which  is  adsorbed  or  condensed  on  the  surfaces  of  the  soil 
particles  on  account  of  the  great  pressure  probably  resulting  from  the 
adhesive  forces,  is  conceived  to  be  removed  from  the  liquid  phase  and 
becomes  solid  like  water  of  crystallization  and  probably  takes  no  part 
in  the  freezing,  as  will  subsequently  be  discussed. 
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There  appears  to  be  no  other  physical  factor  known'  to  affect  the 
freezing  point  of  water.  A  number  of  minor  possibilities  have  been 
suggested,  but  after  a  careful  examination  and  consideration  they  ail 
have  been  discarded. 

The  conclusion  seems  to  be  inevitable,  therefore,  that  the  great  lower- 
ings  of  the  freezing  point  noted  are  caused  by  and  represent  actual 
concentration  of  solution  and  therefore  contradict  the  foregoing  theories 
regarding  the  constancy  and  magnitude  of  concentration  of  the  soil 
solution. 

No  definite  and  proved  theory  can  be  offered  to  explain  this  apparent 
great  increase  in  concentration  of  the  soil  solution  with  decrease  in 
moisture  content.  The  following  hypothesis,  however,  would  appear  to 
explain  the  phenomena  and  is  here  tentatively  offered. 

It  is  assumed  that  the  soil  solution  contains  salts  or  their  ions,  pro- 
J  duced  by  the  reaction  of  the  dissolved  components  of  the  soil  minerals, 
hydrolysis  of  the  minerals,  application  of  fertilizers,  decomposition  of 
organic  matter,  etc.  These  salts  have  as  a  rule  a  high  solu- 
bility and  would  require  a  large  amount  of  them  to  form  a 
saturated  solution.  They  are  formed  rather  slowly  and  since  the  fre- 
quent rains,  especially  in  the  humid  regions,  tend  to  leach  them  away 
only  a  relatively  small  amount  of  them  is  present  at  a  time.  At  a  high 
moisture  content  these  salts  are  diluted  and  the  lowering  of  the  freez- 
ing is  small.  /As  the  moisture  content,  however,  is  reduced  they  are 
concentrated  and  the  lowering  of  the  freezing  point  becomes  greater. 
Since  these  salts  are  present  only  in  relatively  small  amounts,  they 
do  not  form  a  saturated  solution,  or  at  least  many  of  them  do  not. 

A  critical  consideration  of  the  character  of  the  soil  system  and  a 
thorough  examination  of  the  available  general  data  of  the  soil  solution, 
as  obtained  through  soil  water  extracts,  drainage  water,  etc.,  lend  con- 
siderable support  to  the  above  hypothesis. 

A  consideration  of  the  soil  mass  shows  that  it  is  a  heterogeneous 
mixture  composed  of  solids,  gases,  and  a  liquid,  and  inhabited  by  living 
organisms.  The  solid  portion,  in  normal  soils,  is  composed  of  mineral 
debris  and  organic  matter,  from  rock  and  from  plant  and  animal  degra- 
dation and  decomposition,  respectively.  Both  of  these  classes  of  solid 
matter  are  guadually  reduced  to  the  liquid  state.  The  organic  matter, 
for  instance,  mainly  through  the  activities  of  the  living  organisms,  is 
rendered  soluble  and  many  organic  and  inorganic  compounds  are  form- 
ed, including  the  nitrates,  humic  acids,  etc.  The  nitrates  may  exist 
as  NaNOg,  Ca(N03)2,  Mg(N08)2,  etc.,  depending  upon  the  preponder- 
ance of  the  base  present  to  unite  with  the  acid.  These  salts  have  a 
very  high  solubility  constant  and  to  form  a  saturated  solution  a  very 
great  amount  of  them  is  required.  Thus,  to  form  a  saturated  solution 
at  20°C  would  require  83.7  grams  of  NaNOg,  31,6  gm.  of  Mg(NO,)3, 
and  54.8  gm.  of  Ca(N03)2,  in  100  gm.  of  water.  It  is  very  doubtful,  there- 
fore, whether  a  normal  soil  and  especially  under  humid  conditions 
ever  possesses  a  saturated  solution  in  respect  to  these  salts.  Assuming, 
therefore,  that  there  is  a  certain  amount  of  nitrate  salts  in  the  soil 
solution  then  it  naturally  follows  that  at  a  high  moisture  content  it  is 
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diluted,  and,  as  the  i)ercentge  of  water  is  reduced,  it  becomes  more  con- 
centrated; hence,  the  lowering  of  the  freezing  point  would  tend  to  in- 
crease from  the  high  to  the  low  water  content. 

The  dissolution  of  the  mineral  matter  is  accomplished  by  the  solvent 
action  of  water  aided  by  the  foreign  substances  that  it  might  be  charged 
with,  such  as  acids,  bases,  and  salts.  The  soil  minerals,  however,  are 
as  a  rule  but  slightly  soluble  and  their  rate  of  solution  is  generally 
very  slow,  so  slow  indeed  that  it  requires  months  and  even  years,  at 
least  with  certain  minerals,  to  form  a  saturated  solution.  Thus,  Cam- 
eron and  Bell,  (12),  found  that  by  placing  powdered  glass,  orthoclase, 
albite,  and  some  Podunk  fine  sandy  loam  with  water  in  paraffin  cylinders 
and  rotating  them  in  a  constant  temperature  bath  at  27° C  for  about 
9  weeks,  equilibrium  was  not  yet  attained.  Many  if  not  all  of  the  com- 
mon soil  forming  materials,  however,  undergo  hydrolysis  and  thereby  in- 
crease their  degree  and  rate  of  solubility.  Their  solubility  may  be  further 
increased  by  the  addition  of  soluble  compounds  yielding  non-common 
ions,  or  by  the  reacting  with  some  of  the  minerals  to  form  new  com- 
pounds, or  by  the  dissolved  components  of  the  different  minerals  acting 
upon  one  another  to  form  new  compounds. 

Through  these  processes  of  hydrolysis,  chemical  reaction  between  ap- 
plied salt  and  soil  mineral,  and  the  reaction  of  the  dissolved  components 
of  the  different  minerals,  probably  there  are  formed  in  the  soil  solution, 
salts  of  high  solubility. 

In  the  analysis  of  soil  water  extracts,  drainage  waters,  etc.,  there 
are  found,  besides  the  NOj  acid  radical,  the  acid  radicals  HPO^,  SO4, 
HCOj,  CI,  SiOg,  and  the  base  radicals,  Na,  Mg,  Ca,  K,  etc.  These  acids 
and  bases  could  well  combine  to  form  such  compounds,  for  instance,  as 
CaHJPOJ.,  Na.HPO,,  K^HPG^,  NaHCOj,  MgCUCOg),,  CaSO^,  Na,- 
NaCl,  KCl,  CaClj,  etc. 

That  such  compounds  are  formed  and  do  exist  in  the  soil  solution  to 
a  more  or  less  extent,  can  hardly  be  doubted.  Both  direct  and  indirect 
evidences  strongly  support  the  assumption.  For  instance,  in  those 
regions  where  the  rainfall  is  small  and  the  amount  of  leaching  is  con- 
sequently slight,  such  a^  in  the  arid  regions,  there  is  an  accumulation 
of  soluble  salts  near  or  at  the  surface  soil,  transported  from  below  by 
the  evaporation  of  the  soil  water.  Such  an  accumulation  of  salts  is 
designated  as  alkali  conditions.  Such  alkali  conditions  would  occur 
even  in  the  humid  regions  were  it  not  for  the  excessive  and  frequent 
rains  which  tend  to  wash  away  these  soluble  salts  and  thus  prevent 
their  accumulation.  The  soluble  salts  found  wherever  alkali  conditions 
exist  vary  in  number  and  composition,  but  in  most  arid  countries  the 
chlorides,  sulphates,  and  carbonates  of  sodium,  calcium,  and  magnesium, 
predominate.  Several  other  salts  are  generally  found  but  not  in  large 
amounts.  In  humid  regions  there  are  many  cases  known  where  seem- 
ingly alkali  conditions  exist.  Cameron,  (11)  reports  that  a  soil  in 
Maryland  near  the  Maryland  Agricultural  College  contained  the  follow- 
ing salts  in  large  quantities:    NaNOg,  KNO3,  Mg(N03)2,  Ca(N03)2, 

(")   Bui.  30,  Bureau  of  SoUa.  U.  8.  Dept.  of  Agr.,  1906. 

(")   Bui.  17.  Bureau  of  Solto.  U.  S.  Dept.  of  Agr..  p.  36, 1901. 
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CaS(>i,  CaClo,  etc.  Stevoiiskon  and  Brown,  (12),  have  found  that  there 
are  alkali  spots  in  certain  areas  in  Iowa  which  are  composed  maiulv 
of  CalHCOg),,  Mg(HC03),,  Ka.KO^,  NaNO.,,  etc. 

In  a  very  extensive  investigation  King,  (13),  found  that  the  amount 
of  water-soluble  salts  in  soils  was  high,  and  varied  with  the  type  of  soil, 
the  fertility,  or  manurial  treatment  it  had  received,  etc.  The  table 
l)elow  shows  a  typical  example  as  to  the  magnitude  of  the  salts  recover- 
ed in  the  water  extracts  by  the  conventional  method.  These  salts  are 
composed  of  K,  Ca,  Mg,  NOg,  HPO„  SO^,  HCOg,  CI,  and  80o. 

Table  6.    Total  Salts  Recovered  from  the  Surface  Foot  of  Eight  Soil  Types,  1903. 


Pounds 
per 
million  of 
dry  Boil. 


Pounds 

per 
acre  of 
dry  soil. 


Norfolk  Sandy  Soil  

Selma  Silt  Loam  

Norfolk  Sand  

Sassafras  Sandy  Loam . . 
Hagerstown  Clay  Loam 

Hagerstown  Loam  

Janesville  Loam  

Miami  Loam  


182.02 

226.04 

167 . 22 

199.70 

590.3 

532.15 

468.19 

419.23 


654.4 
788.6 
599.7 
682.3 
1,670.0 
1.532.0 
1,330.00 
1,301.00 


It  will  be  readily  seen  that  the  quantity  of  soluble  salts  dissolved  into 
the  water  extract  is  really  high.  Of  course  the  investigation  does  not 
show  in  what  form  these  compounds  exist  in  the  soil,  whether  in  solu- 
tion or  in  solid  form,  but  readily  soluble.  If  these  acids  and  bases, 
however,  unite  to  form  salts  which  have  a  high  solubility,  there  is  no 
reason  to  doubt  why  they  should  not  be  in  solution. 

In  performing  leaching  experiments  various  investigators  have  found 
that  the  first  portion  of  the  water  passing  through  the  dry  soil  always 
contains  a  far  greater  concentration  than  the  subsequent  leachings. 
The  subsequent  leachings  finally  reach  a  low  degree  of  concentration 
which  tends  to  remain  constant.  The  higher  concentration  of  salts  in 
the  first  washings  is  attributed  by  some  investigators  to  the  decrease  in 
absorbtive  power  of  the  soil  for  the  salts,  due  to  the  process  of  drying. 
It  could  be  equally  attributed  to  the  presence  of  readily  soluble  salts. 

Furthermore,  that  salts  of  high  solubility  may  exist  in  the  soil  solu- 
tion is  further  confirmed  by  the  reaction  that  is  conceived  to  take  place 
between  the  soil  and  a  soluble  salt  added.  Thus,  Alx  Fex  Mgx  Nax 
Ca(Ki03)x  (H20)x  +  2KC1  =  Alx  Fex  Mgx  Nax  K2(Si03)x  (H,0) 
+  CaClo.     The  CaCl,  is  assumed  to  be  in  solution. 

The  evidence's,  thei-efore,  of  the  existence  of  .salts  of  high  solubility 
in  the  soil  solution  are  very  strong.  The  solubilities  of  some  of  the 
salts  that  are  likelv  to  occur  in  the  soil  solution  are  shown  in 
Table  6. 


(»«)    Bui.  157.  la.  Agr.  Expt.  Sta..  1915. 

(")    Bui.  26.  Bureau  of  Soils,  U.  S.  Dept.  of  Agr.,  p.  67,  1905. 
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Table  7.    Solubility  of  Various  Salts  at  90"  C. 


in 


Name  of  Salt. 


Grams  of  Salt 
dissolved  in  100 
gm.  of  water. 


36.2 


or*  .  Uf 

35.82 
74.00 
11.11 


75.4 


9.60 


(19)  at  18°  C 


Since  the  formation  of  these  salts  is  comparativeh'  slow  and  their 
accumulation  to  any  extent  is  prevented  by  the  excessive  and  frequent 
rains  in  the  humid  I'egions,  their  amount  in  the  soil  solution  is  relatively 
small  and  does  not  form  a  saturated  solut'ion,  probably,  not  even  at  a  low 
moisture  content.  Those  of  course  that  fomi  a  saturated  solution  are 
separated  in  the  solid  phase.  At  a  high  moisture  content,  therefore, 
these  salts  are  diluted  and  would  cause  only  a  small  lowering  of  the 
freezing  point,  but  as  the  water  content  is  reduced  they  became  more 
concentrated  and  they  would  cause  a  correspondingly  greater  lowering 
of  the  freezing  j>oint.  That  is  exactly  what  the  experimental  results 
show.  Hence,  the  expenmental  data  agree  almost  perfectly  with  the 
hypothesis. 

The  foregoing  hypothesis,  however,  does  not  explain  why  the  lowering 
of  the  freezing  point  increases  in  a  geometric  progression  while  the 
moisture  content  decreases  in  an  arithmetic  progression,  and  not  fol- 
low a  direct  invere  proportionality  ratio,  (approximately),  as  might 
be  expected. 

It  must  be  stated,  however,  that  also  for  this  phenomenon,  no  defi- 
nite and  proved  explanation  can  be  offered.  The  following  hypothesis, 
however,  would  seem  worth  considering. 

It  is  assumed  that  a  portion  of  the  water  found  in  the  soil  is  inactive 
or  unavailable  and  does  not  take  part  in  dissolving  the  salts  in  the 
soil.  How  this  portion  of  the  water  is  rendered  inactive  and  in 
what  form  it  exists,  cannot  be  asserted  with  certainty.  There  are 
two  possible  waj's  in  which  it  might  exist:  (1),  as  loosely  chemically 
combined  water,  and  (2),  as  adsorbed  water.  In  the  first  case  the 
water  might  react  with  some  of  the  components  of  the  soil  to  form 
hydrolysed  substances  or  hydrates.  There  is  a  great  amount  of  evi- 
dence which  goes  to  bear  out  this  view.  It  is  Suggested  by  Muntz  and  , 
"Gaudechon,  (14),  that  a  part  of  the  heat  generate<l  upon  moistening 
dry  soils  is  probably  due  to  chemical  combination  between  tlie  water 
and  some  soil  comi>onents.  Clays,  for  instance,  are  believed  to  possess 

(")    Ann.  Scl.  Agron.  (3),  4,  393-443,  1909. 
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in  the  highest  degree  the  power  to  form  substances  of  hydration.  Dry 
hydrogels  upon  rewetting,  are  believed  to  enter  into  chemical  combina- 
tion with  water  in  order  to  resume  their  colloidal  state. 

If  the  water  is  physically  adsorbed  it  is  conceived  that  it  is  removed 
from  the  liquid  phase  and  becomes  practically  solid  like  water  of  crys- 
tallization. It  becomes  then  inactive  or  inoperative  in  the  same  man- 
ner as  when  a  solute  is  adsorbed. 

In  which  form  of  the  above  the  inactive  water  exists,  cannot  be 
stated  definitely.  It  is  very  probable  that  it  exists  in  both  forms.  But 
in  whichever  form  it  might  exist,  the  assumption  that  it  is  inactive  or 
unavailable  to  dissolve  the  salts  tends  to  explain  the  results,  at  least 
partially.  Thus,  for  example,  assuming  that  a  clay  soil  adsorbs  or 
combines  chemically  with  15%  of  water,  and  that  this  clay  at  36% 
moisture  causes  a  lowering  of  the  freezing  point  of  0.034°C,  and  at 
18%,  .955°C,  then  at  the  former  moisture  content  there  is  21%  of  water 
available  to  dissolve  the  salts  in  the  soil,  while  in  the  latter  case  there 
is  only  3%  available  for  the  same  purpose.  It  would  be  natural,  there- 
fore, that  the  depression  of  the  freezing  point  would  be  many  times 
greater  at  the  low  percentage  of  moisture  content  than  at  the  high, 
than  would  be  expected  from  the  difference  of  the  total  moisture  con- 
tent, just  as  the  experimental  data  really  indicate. 

The  foregoing  hypothesis,  therefore,  would  tend  to  explain,  at  least 
partially,  why  the  lowering  of  the  freezing  point  of  the  various  types 
of  soil  with  the  exception  of  quartz  sand  and  possibly  some  extreme 
types  of  sandy  soil,  should  increase  in  a  geometric  progression  while 
the  percentage  of  water  decreases  in  an  arithmetic  progression.  It 
would  also  tend  to  explain  why  the  lowering  of  the  freezing  point  of 
quartz  sand  should  increase  inversely  proportional  with  the  water  con- 
tent, which  would  tend  to  indicate  that  quartz  sand  causes  very  little, 
if  any,  of  the  water  to  become  inactive.  That  the  latter  fact  might  be 
so  is  further  shown  by  the  solidification  which  can  be  induced  when  the 
moisture  content  is  only  about  0.7%,  practically  at  the  air  dry  state. 

Mention  has  already  been  made  that  in  conducting  a  preliminary 
series  of  tests  to  ascertain  how  close  the  lowering  of  the  freezing  point 
of  a  soil  sample  could  be  duplicated  it  was  found  that  at  a  high  mois- 
ture content  the  duplicate  readings  would  agree  almost  perfectly  with 
one  another  for  all  types  of  soil  but  at  a  low  moisture  content  the  dupli- 
cate readings  would  agree  with  one  another  very  close  only  with  some 
soils,  such  as  the  quartz  sand,  kaolin,  burned  silicic  acid,  etc.,  but  with 
other  soils,  such  as  the  clay,  loam,  etc.,  the  duplicate  readings  would 
vary  appreciably,  and  indeed  the  first  depression  would  be  always  greater 
than  the  second.  This  latter  phenomenon  was  made  of  further  special 
study  by  determining  the  lowering  of  the  freezing  point  of  a  number 
of  types  of  soil  at  low  moisture  content  at  successive  freezings.  The 
freezing  process  consisted  of  either  allowing  the  soil  sample  to 
freeze  at  its  proper  freezing  point  and  then  thawing  it  by  holding  the 
tube  containing  the  soil  in  the  hand,  or  allowing  the  temperature  of  the 
soil  to  fall  3  or  4*^0  after  it  had  frozen  and  then  thawing  it  as  before. 
Some  of  the  results  thus  obtained  are  shown  in  Table  8.  The  magni- 
tude of  the  decrease  of  the  depression  due  to  the  successive  freezings 
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is  not  comparable  either  within  the  same  soil  or  in  different  soil  types, 
because  the  length  of  time  and  d^ree  of  freezing  or  super-freezing 
were  not  the  same  neither  within  the  same  soil  nor  in  the  different  soils. 
These  results  are  intended  to  show  only  that  successive  freezings  tend 
to  decrease  the  lowering  of  the  freezing  point  of  some  soils  and  not 
of  others. 


Table  9.    Decrease  of  the  Lowering  of  the  Freezing  Point  tnth  Succeseive  Freexinga. 


Quartz  sand. 

Sandy  loam. 

Percentage 
of 

moisture. 

Number 
of  times 
frozen. 

Lowering  of 
the  freezing 
point. 

Percentage 
of 

moisture. 

Number 
of  times 
frozen. 

Lowering  of 
the  freezing 
point. 

1.6 

1 
2 
3 
4 

6 

.075 
.077 
.076 
.075 
.073 

7.10 

1 

1 

-  2 
3 
4 

.520 
.410 
.400 
.400 

Clyde  Loam. 

Clay. 

22            1  1 
2 

t  3 
4 

1  5 

.900 
.700 

.620  ' 
.660  1 
.666  1 

17.00 

1 
2 
3 
4 
5 

1.245 
0.705 
.565 
.550 
.540 

Clay. 

Burned  Siiic  Acid. 

18.80 

1 
2 
3 
4 

.960 
.855 
.665 
.600 

80.66 

1 
2 
3 
4 

.535 
.520 
.525 
.522 

Kaolin. 

13.42 

1 
2 
3 
4 

1.1^5 
1.115 
1.110 
1.110 

It  will  be  noticed  that  the  lowering  of  the  freezing  point  of  quartz 
sand,  burned  silicic  acid,  and  kaolin  remains  practically  the  same  with 
successive  freezings,  but  that  of  sandy  loam,  Clyde  loam,  and  the  two 
clays,  becomes  less  with  each  repeated  freezing  and  that  the  degree  of 
diminution  is  very  considerable,  amounting  in  the  clay  soils  to  about 
50%  and  in  the  sandy  soil  about  20%.  This  amount  of  decrease  in  de- 
pression, however,  in  the  clays,  loams,  etc.,  would  not  have  been  so  great 
had  these  soils  not  been  cooled  3  or  4°G  after  they  were  frozen  and  kept 
at  that  low  temperature  for  some  length  of  time.  The  decrease  has 
about  reached  its  limit  with  all  these  soils  as  further  freezings  did  not 
cause  any  important  variations. 

The  question  now  is  what  causes  this  diminution  of  the  lowering  of 
the  freezing  point  with  successive  freezings  in  the  case  of  the  agricul- 
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tural  soils  and  why  a  similar  diminution  does  not  occur  in  the  more 
artificial  substances.  It  must  be  admitted,  however,  that  for  this 
phenomenon  also,  no  definite  and  proved  explanation  can  be  offered. 
The  following  suggestions,  however,  seems  to  deserve  and  warrant  con- 
sideration. 

It  was  first  thought  that  the  soil  solution  at  the  low  moisture  might 
have  reached  its  saturation  point  in  concentration  and  as  it  cooled, 
salts  separated,  for  the  solubility  of  the  salts  diminishes  with  falling 
temperature,  and  thus  the  solution  became  less  concentrated.  This 
hypothesis,  however,  would  not  explain  the  continued  decrease  in  de- 
pression with  repeated  freezings,  for  if  the  soil  solution  were  concen- 
trated to  the  saturation  point  at  the  low  moisture  content  all  the  excess 
of  salts  should  separate  the  first  time  that  it  is  cooled  below  0**C,  and 
inasmuch  as  probably  not  all  of  the  separated  salts  would  go  again 
into  solution  upon  thawing — owing  to  the  short  length  of  time — the 
concentration  of  the  solution  and  hence  the  lowering  of  the  freezing 
point  should  remain  more  or  less  stationary.  Hence,  this  hypothesis 
fails  to  explain  the  results. 

If  it  is  true  that  the  soil  adsorbs  water  and  that  this  adsorbed  water 
is  removed  from  the  liquid  phase  and  becomes  almost  solid  like  water 
of  crystallization  and  it  no  longer  acts  as  a  solvent  of  the  salts  in  the 
wil,  then  the  foregoing  phenomenon  on  the  diminution  of  the  depression 
with  repeated  freezings  might  be  explained  under  the  following  hypo- 
thesis: The  adsorption  of  the  water  is  due,  at  least  in  part,  to  the 
colloids  in  the  soil.  Upon  freezing,  these  colloids  coagulate  and  the 
bonds  uniting  them  with  the  water  break  and  the  adsorbed  water  be- 
comes liberated.  This  liberated  adsorbed  water  becomes  available  and 
goes  to  dilute  the  original  solution  and  thereby  decreases  the  lowering 
of  the  freezing  point.  Thus,  for  instance,  if  there  were  only  5%  of 
available  moisture  before  the  first  freezing  was  made,  there  is  probably 
6%  at  the  end  of  the  first  freezing,  7%  at  the  end  of  the  second  freez- 
ing, and  so  on,  until  probably  all  or  most  of  the  colloids  are  coagulat- 
ed. The  coagulation  is  not  complete  in  the  first  freezing  but  the  great- 
est amount  takes  place  in  the  first  freezing  and  then  smaller  amounts  in 
the  successive  freezings. 

This  hypothesis  seems  to  find  a  large  amount  of  confirmation  from 
both  direct  and  indirect  evidences.  It  is  now  generally  believed  that 
there  are  present  in  soils  both  hydrosols  and  hydrogels  consist  of 
organic  substances,  the  humus  compounds,  and  inorganic  substances, 
the  hydrates  of  alumina,  iron,  manganese,  hydrated  silica,  the  zeolitic 
silicates,  etc.,  that  the  hydrosols  are  continually  being  produced  in  the 
soils  by  physical  action  such  as  that  of  the  water  on  clay,  or  by  chemical 
changes  such  as  the  decomposition  of  silicates;  and,  that  there  are  in 
nature  various  agencies  such  as  changes  in  temperature,  concentration 
of  solution,  etc.,  by  which  hydrosols  ai-e  changed  to  hydrogels,  and  vice 
versa.  Changes  in  temperature  are  known  to  produce  especially  very 
marked  effects  upon  these  colloids.  Both  heating  and  freezing  have 
been  found  to  cause  coagulation  of  the  hydrosols  and  hydrogels  and 
that^this  coagulation  is  accompanied  by  a  decrease  in  the  absorbtive 
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power.  It  has  been  abundantly  proved,  for  example,  that  when  clay  ia 
heated  its  absorbtive  power  for  water  is  greatly  diminished. 

This  hypothesis,  therefore,  would  seem  to  explain  very  well  the  di- 
minution of  the  depression  of  the  freezing  point  of  the  agricultural 
soils  at  low  moisture  content  with  repeated  freezings.  It  would  seem 
also  to  suggest  that  the  artificial  substances,  such  as  the  quartz  sand, 
bunied  silicic  acid,  and  kaolin,  either  do  not  contain  colloidal  material, 
or  if  they  do,  it  is  not  coagulable. 

At  the  high  moisture  content  coagulation  of  the  colloids  of  the  agri- 
cultural soils  should  also  take  place,  but  since  the  amount  of  water 
present  is  high,  and  the  solution  is  relatively  very  dilute,  the  amount  of 
water  that  is  released  upon  coagulation  is  too  small  to  make  any  notice- 
able eflFect  upon  the  depression. 

In  late  years  a  great  amount  of  work  has  been  done  upon  the  effect 
of  steam  heat  on  the  solubility  of  soil  constituents.  Especially  impor- 
tant and  valuable  are  the  investigations  of  Russel  and  Hutcheson,  (15), 
and  Lyon  and  Bizzel,  (16),  upon  the  subject.  These  investigators,  as 
well  as  others  subsequently,  found  that  in  general,  steam  heat  increased 
the  ammonia  content  as  well  as  the  water-soluble  inorganic  matter. 

In  order  to  show  the  applicability  of  the  freezing  point  method  on 
this  subject  and  also  to  ascertain  to  what  degree  the  steam  heat  in- 
creases the  concentration  of  the  solution,  the  lowering  of  the  freezing 
point  of  a  few  types  of  soil  steam  heated,  was  determined.  The  gen- 
eral procedure  consisted  of  taking  soils  from  the  field,  bringing  them 
up  to  a  high  moisture  content,  and  then  dividing  each  soil  into  two 
parts,  one  part  was  used  as  a  check  and  the  other  part  was  steam 
heated  in  an  autoclave  for  about  3  hours  at  a  pressure  of  15  atmos- 
pheres. After  steaming,  the  moisture  content  was  brought  up  to  the 
original  and  the  lowering  of  the  freezing  point  was  determined.  Tlie 
following  table  contains  the  depression  of  the  freezing  point  of  the 
unsteamed  and  steamed  portions  of  each  soil.  Only  a  very  limited 
number  of  soil  types  was  employed  because  it  was  desired  to  show 
mainly  the  applicability  of  the  method  on  the  subject. 

Table  9.    Effect  of  Steam  Heat  on  the  Lowering  of  the  Freezing  Point  of  SojU. 


Nfune  of  Soil. 


Lowering  of 
the  Freezing 
Point. 


Sandy  loam  unsteamed . 
Sandy  loam  steamed . . . 

Clay  unsteamed  

Clay  steamed  

Clyde  loam  unsteamed . 
Clyde  loam  steamed .  . . 

Peat  unsteamed  

Peat  steamed  


.020 
.035 
.030 
.04.'> 
.040 
.115 
.015 
.066 


It  will  be  at  once  seen  that  steam  heat  increased  the  lowering  of  the 
freezing,  and  consequently  the  concentration,  in  every  soil,  but  the 


(u)   Jour.  Agr.  Sci.  2.  411,  1908. 

(M)    New  York  Cornell  Sta.,  Bui.  275,  1910. 
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magnitude  of  the  increase  is  hy  far  greater  in  those  soils  in  which  the 
organic  matter  is  very  high  or  predominates,  than  in  the  mineral  soils. 
Apparently  steam  heat  causes  a  greater  amount  of  material  to  go  into 
solution  in  the  former  than  in  the  latter  classes  of  soil. 

Besides  employing  the  freezing  point  method  to  determine  the  con- 
centration of  the  soil  solution  in  the  soil  at  various  moisture  contents, 
it  can  Also  be  used,  of  course,  to  measure  the  salt  content  of  alkali 
soils.  Through  the  kindness  of  Dr.  F.  S.  Harris  of  the  Utah  Agricul- 
tural College  we  were  able  to  secure  soil  samples  of  alkali,  irrigated 
and  non-irrigated  soils.  All  these  soils  could  be  classed  as  heavy  sandy 
loams.  The  lowering  of  the  freezing  point  obtained  from'  these  soils 
is  shown  in  the  following  table. 


Table  10.  Lowering  of  the  Freezing  Point  of  Alkali,  Irrigated,  and  Non-irrigated  Soilt  of  the  Arid  Region. 


Name  of  Soil. 

Perceotage 
of 

moiflture. 

Lowering  of 
tlie  Freezing 
Point. 

AlkaU   

27.23 
16.36 
17.72 

1.950*C 
.320 
.210 

It  will  be  readily  seen  that  the  depression  and  hence  the  concentra- 
tion of  salts  in  solution  are  very  great  in  the  alkali  soil,  even  at  such 
high  moisture  content,  almost  at  the  saturation  point;  at  a  low  mois- 
ture content  the  depression  was  so  great  that  it  could  not  be  read  on 
the  scale  of  the  thermometer.  The  depression  of  the  non-irrigated  soil 
is  greater  thaiji  that  of  the  irrigated  even  though  the  moisture  content 
of  the  latter  is  greater  than  that  of  the  former.  The  magnitude  of  the 
depression  in  both  cases,  however,  is  small  due  to  the  high  water  content 
present. 

In  conclusion,  then,  it  must  be  stated  that  if  it  is  to  be  accepted  that 
the  lowering  of  the  freezing  point  of  soils  at  the  different  moisture 
contents  represents  actual  concentration  of  solution,  then  many  ex- 
tremely important  and  far-reaching  consequences  follow.  (1).  The 
soil  solution  is  not  under  all  conditions  dilute  as  is  generally  believed. 
It  is  dilute  only  at  the  high  moisture  content  but  at  a  low  moisture 
content  it  is  tremendously  concentrated  and  its  concentration  can  be 
increased  by  the  application  of  soluble  salts.  (2).  The  concentration 
of  the  soil  solution  does  not  remain  constant  but  varies  tremendously 
with  the  moisture  content  and  the  amount  of  soluble  salts  applied. 
(3).  The  solution  of  normal  soils  in  humid  r^ions  may  never  reach  a 
saturation  point,  at  least  with  most  salts.  (4).  The  magniture  of  concen- 
tration of  solution  is  not  the  same  for  all  soils,  but  varies  greatly  with 
the  different  soils.  (5).  The  absorbtive  power  of  the  soil  does  not 
seem  to  influence  at  all  the  concentration  of  the  solution;  those  soils 
known  to  possess  the  highest  absorbtive  power  generally  contain  a  very 
high  concentration  of  solution  and  those  that  have  a  low  absorbtive 
power  possess  a  low  concentration  of  solution.  Hence,  the  two  pre- 
vailing theories  regarding  the  concentration  of  the  soil  solution  are 
diametrically  opposed  by  the  results  of  this  investigation. 

Furthermore,  the  acceptance  that  the  lowering  of  the  freezing  point 
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at  the  low  moisture  contents  represents  actual  concentration  of  solution 
throws  a  new  and  important  light  on  the  subject  of  the  wilting  coeffi- 
cient of  plants.  The  wilting  of  plants  has  heretofore  been  generally 
attributed  to  their  inability  to  take  up  the  water  which  is  held  by  the 
soil  with  a  great  attractive  force.  While  this  explanation  is  undoubted- 
ly correct  and  especially  if  it  is  true  that  some  of  the  water  is  loosely 
chemically  combined  or  physically  adsorbed  and  consequently  removed 
from  the  liquid  phase,  yet  if  the  great  depression  of  the  freezing  point 
at  the  low  moisture  content  represents  concentration  of  solution,  then 
the  wilting  of  plants  must  be  also  influenced  by  plasmalytic  phenomena. 
As  already  seen,  the  calculated  concentration  amounts  in  some  cases 
to  over  28,000  p.  p.  m.,  which  is  equivalent  to  an  osmotic  pressure  of 
over  12  atmospheres.  At  a  still  lower  moisture  content  these  magni- 
tudes would  be  far  greater.  When  it  is  considered  that  the  osmotic 
pressure  of  the  cell  sap  of  such  common  agricultural  plants  as  wheat, 
barley,  oats,  corn,  generally  amounts  to  only  about  5  atmospheres  un- 
der humid  conditions  then  the  possibility  of  the  wilting  of  plants  in 
some  soils  at  least  being  partly  due  to  the  plasmolytic  phenomena,  be- 
comes greatly  strengthened.  Again,  the  best  standard  nutrient  solu- 
tions contain  an  osmotic  pressure  of  only  between  1.50  and  1.75  atmos- 
pheres. Knops  standard  nutrient  solution  and  the  more  recent  one 
proposed  by  Shive,  (17),  contain  an  osmotic  pressure  of  2.75  and  1.5 
atmospheres,  respectively. 

It  would  seem  very  possible,  therefore,  that  in  some  soils  at  least, 
especially  in  the  complex  types  where  the  depression  of  the  freezing 
point  is  greatest,  the  concentration  of  the  solution  probably  plays  a 
very  important  part  in  the  wilting  of  plants. 

Again,  if  the  concentration  of  the  soil  solution  varies  tremendously 
with  the  moisture  content,  then  it  becomes  at  once  obvious  that  the  centi- 
fuge  and  paraffin  oil  methods  can  give  some  information  concerning  the 
concentration  of  the  soil  solution  only  at  the  moisture  content  at  which 
the  extraction  can  be  made.  Even  at  that  moisture  content,  however, 
the  concentration  of  the  extracted  water  is  only  approximately  close 
to  the  total  concentration  of  the  entire  moisture  in  the  soil,  if  the  theo- 
retical principles  already  discussed  (p.  6)  are  correct. 

Finally,  it  must  be  stated  that  the  freezing  point  method  with  further 
development  promisies  of  furnishing  a  quantitative  comparison  of  the 
soluble  salt  content  in  different  soils  and  thereby  give  an  idea  as  to 
their  degree  of  fertility.  In  its  present  stage  it  can  only  compare  the 
concentration  or  salt  content  of  the  soil  solution  at  different  moisture 
contents  of  the  same  soil,  and  between  very  extreme  types  of  soil.  The 
moisture  content  seems  to  be  the  controlling  factor  and  the  develop- 
ment of  the  method  towards  being  employed  to  compare  quantitatively 
the  salt  content  and  probably  the  fertility  .of  different  soils,  lies  in 
standardizing  the  moisture  content,  and  this  phase  of  the  work  is  now 
under  investigation. 

(»0    Plant  World.  1916. 
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Effect  of  Application  of  Soluble  Salts  Upon  the  Concentration  of  the 
Soil  Solution  in  the  Soil. 

Our  present  knowledge  concerning  the  effect  of  application  of  soluble 
salts  lipon  tlie  concentration  of  the  soil  solution  in  the  soil  is  extremely 
unsatisfactory.  A  great  amount  of  experimental  work  has  been  done 
upon  the  subject  but  the  conclusions  drawn  therefrom  are  not  at  all 
concordant.  This  is  undoubtedly  due  to  the  fact  that  there  has  been 
no  method  of  attacking  the  problem  directly  and  consequently  the 
studies  had  to  be  conducted  indirectly.  As  a  result  of  this  difficulty 
many  of  the  present  views  concerning  the  effect  of  application  of  soluble 
salts  upon  the  concentration  of  the  soil  solution  in  the  soil  have  been 
deduced  from  a  priori  consideration  from  certain  physical  laws  of 
solutions  and  physical  properties  of  soils.  According  to  the  theory  ad- 
vanced many  years  ago  by  Whitney  and  Cameron,  (18),  the  application 
of  soluble  salts  such  as  KOI  would  probably  not  increase  the  concen- 
tration of  the  soil  solution.  They  based  their  theory  upon  the  law  of 
equilibrium  of  solutions.*  Their  studies  with  water  extracts  led  them 
to  believe  that  the  soil  solution  Is  saturated  or  nearly  saturated  in 
respect  to  the  soil  constituents,  and  the  application  of  such  soluble  salts 
with  which  the  solution  is  already  saturated  would  merely  force  back 
the  dissociation  and  thus  re-establish  equilibrium.  The  concentration 
of  the  soil  solution,  therefore,  tends  to  remain  constant. 

According  to  the  absorption-adsorption  theory  the  concentration  of 
the  soil  solution  may  not  be  increased  by  the  application  of  soluble 
salts.  It  is  maintained  that  these  phenomena  of  absorption-adsorp- 
tion tend  to  maintain  a  practically  constant  concentration  of  solution 
for  any  given  soil.  Indeed,  it  is  asserted  that  it  is  these  properties  of 
the  soil  which  prevent  the  soil  solution  from  becoming  too  concentrated 
either  upon  withdrawal  of  moisture  or  application  of  salts  to  the  soil, 

(»)    Bui.  22,  Bureau  of  Soilfi.  XT.  8.  Dept.  of  Ag<« ..  1003. 
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which  would  be  detrimental  to  the  growth  of  plants.  Through  the  ab- 
sorption-adsorption phenomena,  salts  are  given  up  to  the  soil  solution 
when  the  latter  becomes  dilute,  or  salts  are  withdrawn  from  it  when  it 
becomes  concentrated  and  thus  a  constant  equilibrium  is  maintained. 

Since  it  was  found  that  by  means  of  the  freezing  point  method  the 
concentration  of  the  soil  solution  can  be  measured  directly  in  the  soil, 
it  was  at  once  suggested  that  this  method  might  be  used  to  study  directly 
the  effect  of  application  of  soluble  salts  upon  the  concentration  of  the 
soil  solution  in  the  soil.  The  results  thus  directly  obtained  ought  to 
show  definitely  whether  or  not  the  concentration  of  the  soil  solution  in 
the  soil- can  be  increased  by  application  of  soluble  salts. 

The  procedure  consisted  of  treiating  different  types  of  so!il  with 
n  / 10^  solution  of  various  salts,  allowing  them  to  stand  in  room  tem- 
perature and  saturated  atmosphere  for  about  24  hours,  and  then  deter- 
mining the  lowering  of  their  freezing  point.  To  each  soil  sample  was 
added  a  suflScient  amount  of  a  solution  to  bring  it  up  to  a  very  high 
moisture  content,  thus  eliminating  some  of  the  errors  that  occur  at  the 
low  moisture  content.  For  each  treated  sample  there  was  always  a 
check  having  the  same  percentage  of  moisture,  but  made  up  only  of 
water.  Great  care  was  taken  to  mix  each  soil  sample  with  the  solution 
or  water,  very  thoroughly.  The  results  obtained  are  detailed  in  table  11, 

Table  11.  Effect  oS  Application  of  Soluble  Salts  upon  the  Concentration  of  the  Soil  Solution 

in  the  Sou. 

Before  entering  into  the  discussion  of  the  foregoing  data,  an  explana- 
tion as  to  their  form  of  presentation  is  necessary.  The  first  column 
to  the  left  of  each  salt  solution  contains  the  lowering  of  the  freezing 
point  of  the  solution  itself;  the  second  column  contains  the  lowering 
of  the  freezing  point  of  soil  treated  with  the  solution,  and,  this  lower- 
ing is  entirely  due  to  the  solution  applied,  as  the  amount  of  depression 
due  to  the  soil  itself  at  that  moisture  content  has  been  subtracted;  the 
third  column  shows  the  difference  in  the  depression  of  the  solution  be- 
fore and  after  it  is  added  to  the  soil;  the  fourth  column  contains  the 
percentage  of  change  in  the  depression  that  the  salt  solution  suffered 
in  the  soil ;  and,  the  fifth  column  shows  what  percentage  of  the  original 
concentration  of  the  salt  solution  went  to  increase  the  concentration  of 
the  soil  solution. 

With  this  explanation,  the  above  data  showing  the  influence  of  ap- 
plication of  soluble  salts  upon  the  concentration  of  the  soil  solution  in 
the  soil  may  now  be  considered.  An  examination  of  the  figures  in  the 
fifth  column  of  the  various  salt  solutions  shows  many  remarkable 
facts.  Starting  with  the  KCl  solution  it  will  be  seen  that  from  70.81 
to  100%  of  the  concentration  of  the  salt  solution  went  to  concentrate 
the  soil  solution.  The  concentration  of  the  soil  solution  is  increased 
greatest  in  quartz  sand,  kaolin,  sandy  loam,  and  peat,  and  least  in 
humus  loam. 

Considering  next  the  K2SO4  solution  it  will  be  seen  that  a  much 
smaller  percentage  of  the  concentration  of  this  salt  solution  went  to 
increase  the  concentration  of  the  soil  solution  of  the  various  soils. 
With  the  exception  of  quartz  sand  and  kaolin,  where  the  increase  is 
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99.2  and  78.0%,  respectively,  the  increase  in  the  other  soil  is  compara- 
tively small,  amounting  in  the  case  of  humus  loam  to  only  20%,  gray 
clay  22%,  red  clay  42%,  etc.  It  is  interesting  to  note  that  in  the  red 
clay  the  concentration  is  20%  greater  than  in  the  gray  clay.  Evidently, 
therefore,  the  influence  of  K2SO4  upon  the  concentration  of  the  soil  solu- 
tion of  the  various  soils  is  not  as  great  as  that  of  KCl. 

The  solution  of  MgS04  increased  the  concentration  of  the  soil  solu- 
tions of  some  soils  quite  appreciably,  but  in  others  only  a  very  small 
amount.  Thus,  in  the  quartz  sand,  sandy  loam,  silt  loams,  kaolin,  and 
peat  the  greatest  part  if  not  all  of  the  original  concentration  of  this 
salt  solution  went  to  concentrate  their  soil  solutions  but  in  gray  clay, 
humus  loam,  and  red  clay,  a  smaller  portion  of  the  original  concentra- 
tion was  used  for  the  same  purpose. 

The  (NH4)2S04  solution  increased  the  concentration  of  the  soil  solu- 
tion of  the  agricultural  soils  on  the  average  much  less  than  the  MgS04 
but  considerably  more  than  the  K2SO4.  It  will  be  seen  that  in  the  quartz 
sand  and  kaolin  fully  the  entire  concentration  of  the  salt  solution  was 
added  to  their  solution,  but  in  the  other  agricultural  soils  only  about 
half  of  the  original  concentration  was  imparted  to  their  soil  solutions. 

The  increase  in  concentration  of  the  soil  solution  of  the  various  soils 
by  the  Ca(N03)2  and  NaNOg  solutions  is  extremely  interesting.  It 
will  be  noted  that  in  all  the  soils,  with  the  exception  of  peat  and  humus 
loam,  practically  the  entire  concentration  of  these  two  salt  solutions  was 
added  to  their  soil  solutions  and  the  percentage  of  the  Ca(N03)2  is 
appreciably  greater  than  that  of  the  NaNO,.  The  failure  of  both  clays 
to  decrease  at  all  the  concentration  of  Ca(N08)2  is  of  especial  interest. 

Of  all  the  compounds  used,  the  phosphates  increased  the  concentra- 
tion of  the  soil  solution  of  the  agricultural  soils  the  least.  Indeed,  it 
will  be  seen  that  with  the  exception  of  quartz  sand,  peat,  and  kaolin, 
the  concentration  of  the  solution  of  the  other  soils  was  increased  from 
0.0  to  only  8.78%  of  the  original  concentration  of  KjHPO^,  CaH^CPOJ, 
and  Nag  HPO4  solutions.  Of  the  three  solutions  the  last  caused  the 
greatest  increase  in  the  contentration  which  is  only  about  8%.  Evi- 
dently these  compounds  have  very  little  if  any  effect  upon  tlie  concen- 
tration of  the  soil  solution  of  most  agricultural  soils. 

In  order  to  ascertain  whether  greater  concentrations  than  n  / 100 
of  these  phosphate  compounds  would  increase  the  cencentration  of  the 
soil  solution  a  normal  solution  of  each  was  employed.  The  lowering 
of  the  freezing  point  of  n/1  NajHPO^  solution,  however,  could  not  be 
determined  on  account  of  its  saturation  point  and  the  consequent  pre- 
cipitation, and,  therefore,  no  calculation  could  be  made  to  what  extent 
it  influenced  the  concentration  of  the  soil  solution.  The  following 
table,  therefore,  contains  only  the  results  obtained  with  n/1  solution 
of  K2HPO4  and  CaH^CPOJj  in  red  clay. 
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Table  19.    Effect  of  Normal  Soluliona  of  KiH  PO4  and  CaHt  (POOi  Upon  the  Concentration  of  the 

l^oil  S<^iUion  of  Red  Clay. 


Name  of 
Solution. 

Depression 
of 

solution 
alone. 

Depression 
of 

solution 
with  soil. 

DilTerence. 

Percentage 
change  in 
depressioii 
of  solution. 

Percentage  of 
concentration 

if  original 
solution  went 
to  concent  rage 
soil  solution. 

KjHPO*  

CaH«(PO«)i  

1.900 
.630 

.276 
.073 

1.625 
.667 

86.6 
88.4 

14.6 
11.6 

These  results  show  that  by  increasing  the  concentration  to  n  /I  a 
greater  percentage  of  the  concentration  goes  to  increase  the  concentra- 
tion of  the  soil  solution  of  the  clay  than  when  n  / 10^  strength  is  used, 
but  the  amount  of  increase,  however,  is  small  in  comparison  with  the 
strength  of  the  salt  solution  used. 

This  part  of  the  investigation  goes  to  show,  therefore,  that  the  differ- 
ent compounds  employed  have  an  entirely  different  effect  upon  the  con- 
centration of  the  soil  solution  of  the  various  types  of  soil.  In  the  case 
of  the  neutral  salts  the  soil  solution  was  increased  from  20  to  100% 
of  their  strength  added,  while  in  the  case  of  the  phosphate  salts  very 
little  if  any  of  their  concentration  was  imparted  to  the  soil  solution 
of  the  agricultural  soils. 

The  contention  of  the  two  theories  already  mentioned  that  the  con- 
centration of  the  soil  solution  tends  to  remain  constant  and  is  in  equili- 
brium with  the  soil  and  that  the  application  of  soluble  salts  may  not 
increase  this  concentration,  are  not  entirely  confirmed  or  borne  out  by 
the  data  of  this  investigation.  The  only  compounds  which  do  not 
seem  to  cause  an  increase  in  the  concentration  of  the  soil  solution  are 
the  phosphates,  and  that  is  only  in  certain  soils. 

The  question  now  is:  How  is  this  increase  in  concentration  of  the 
soil  solution  by  the  soluble  salts  brought  about?  And,  what  is  the 
composition  of  the  resulting  soil  solution? 

As  already  stated  the  lowering  of  the  freezing  point  indicates  only 
total  concentration,  and  it  tells  nothing  of  the  reactions  that  might  take 
place  between  the  soil  and  solution,  or  of  the  composition  of  the  result- 
ing soil  solution.  To  obtain  an  answer  to  the  above  question,  or  ques- 
tions, therefore,  it  is  necessary  to  resort  to  other  means. 

In  the  study  of  adsorption  or  fixation  of  salts  by  soils  one  of  two 
methods  is  generally  employed:  (1),  either  to  shake  a  certain  amount 
of  soil  with  an  excess  amount  of  solution,  and  analyse  the  supernatant- 
liquid,  or,  (2),  to  pass  through  a  column  of  soil,  a  salt  solution  and 
'  analyse  the  percolate.  These  studies  have  shown  that  in  the  case  of 
neutral  salts  the  amount  of  the  base  of  the  salt  solution  added  is  dimin- 
ished and  an  equivalent  or  nearly  equivalent  amount  of  other  bases  are 
dissolved  in  the  solution.  Thus,  if  a  soil  is  treated  with  a  solution  of 
KCl  the  amount  of  K  in  the  resulting  solution  is  diminished  but  is 
replaced  by  an  almost  equivalent  amount  of  other  bases  such  as  Ca, 
Mg,  etc.,  while  the  amount  of  CI  remains  practically  unchanged. 

In  explanation  of  this  phenomenon  two  theories  have  been  proposed. 
One  is  based  upon  a  chemical  reaction  between  the  soil  and  solution 
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with  ao  exchange  of  bases,  and  the  other  is  based  upon  a  physical  selec- 
tive adsorption  of  the  base  of  a  salt  with  a  resulting  acid  which  dis- 
solves an  equivalent  amount  of  the  soil  bases.  In  the  first  theory  it  is 
assumed  that  a  neutral  salt  reacts  with  the  polysilicates  of  the  soil  with 
the  base  becoming  fixed  or  insoluble  and  an  equivalent  amount  of  an- 
other base  being  replaced  thus:  Alx  Fex  Mgx  Nax  Ca(SiO«)x  (H,0) 
+  2KC1  =  Alx  Fex  Mgx  Nax  K2(Si03)x  (H^O)  +  CaCU.  This  equa- 
tion typifies  the  metathetical  reaction  that  may  take  place  between  a 
neutral  salt  and  the  zeolitic  compound  of  the  soil.  The  CaCI,  is  sup- 
posed to  be  in  solution. 

The  fixation  of  the  soluble  ]ihosphates  is  supposed  to  be  accomplished 
by  the  bases  present  in  the  soil,  such  as  iron,  aluminum,  tetanium,  lime, 
and  magnesium.  The  reaction  which  is  different  from  the  above  is 
typified  by  the  following  equation: 

CaH^(POJj  +  CaCO,  =  Ca^H^POJ^  +  CO,  +  H.O. 

Ca^H^POJ,  +  CaCOa  =  CslJFO,)^  +  CO^  +  H^O.  The  soluble 
phosphate,  therefore,  reacting  with  calcium  forms  insoluble  Ca3(P04)2. 

According  to  the  physical  selective  adsorption  theory  it  is  suggested 
that,  when  a  soil  is  in  contact  with  a  solution  such  as  KOI  it  adsorbs 
the  potassium  ions  at  a  much  greater  rate  or  greater  proportion  then 
the  chlorine  ions  thereby,  (since  an  equivalent  number  of  hydroxyl  ions 
are  also  removed  with  the  potassium  ions),  causing  a  partial  hydro- 
lysis of  the  solution,  (KCl  +  HOH  =  KOk  (adsorbed)  +  HOI),  and 
leaving  free  acid  in  the  solution  which  goes  to  dissolve  the  soil  bases. 

Although  the  last  theory  might  be  correct,  yet  it  has  not  been  abso- 
lutely proven  and  does  not  account  for  all  the  facts.  The  first  or  chem- 
ical theory,  however,  which  seems  more  rational,  explains  practically 
all  the  facts  quite  satisfactorily  and  is  probably  more  widely  accepted. 
In  the  light  of  this  theorj'  the  foregoing  question :  How  is  the  increase 
in  concentration  of  the  soil  solution  by  the  soluble  salts  brought  about? 
and.  What  might  be  the  composition  of  the  resulting  soil  solution?,  are 
explainable,  at  least  partially.  For  instance,  the  increase  in  concentra- 
tion of  the  soil  solution  may  not  be  due  to  the  direct  addition  of  the 
concentration  of  the  salt  solution  but  that  a  new  compound  or  com- 
pounds might  be  fonned  which  are  in  solution  and  have  smaller  than 
or  as  great  lowering  of  the  freezing  point  as  the  salt  solution  added, 
and  that  not  any  of  the  salt  solution  added  may  exist  in  the  original 
form  in  the  resulting  soil  solution. 

It  would  be  a  remarkable  coincidence,  however,  if  a  new  compound 
was  formed  in  the  various  mineral  soils  to  which  Ca(NOj)2  was  added, 
which  had  a  lowering  of  the  freezing  point  as  great  as  this  salt  solution 
itself.  In  a  case  of  this  character  one  is  almost  led  to  believe  that 
the  entire  concentration  of  this  salt  solution  was  simply  added  to  the 
soil  solution  without  undergoing  any  change,  just  as  in  the  case  of 
quartz  sand,  where  the  increase  in  concentration  of  its  solution  is  due 
to  the  direct  addition  of  the  concentration  of  the  salt  solution. 

The  almost  complete  disappearance  of  the  original  concentration  of 
OaHJPOJj,  NajHPO^,  and  KjHPO^  solutions  in  some  of  the  soils  tends 
to  confirm  the  equation  already  given  that  these  compounds  react  with 
the  bases  of  the  soils  and  form  insoluble  substances  and  thus  the  con- 
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centration  of  the  soil  solution  is  not  at  all  increased  either  directly 
by  these  compounds  or  by  the  formation  of  new  compounds  as  in  the 
case  of  neutral  salts. 

As  far  as  the  results  of  the  phosphates  are  concerned  in  most  of  the 
agricultural  soils,  they  agree  with  the  theory  of  Whitney  and  Cameron 
that  the  concentration  of  the  soil  solution  may  not  be  increased  by  the 
addition  of  these  compounds,  but  the  explanation,  does  not  appear  to 
be  the  same. 

But  as  far  as  the  results  of  the  neutral  salts  are  concerned  they  agree 
neither  with  the  theory  of  these  investigations  nor  with  the  absorption- 
adsorption  theory  which  postulates  that  the  properties  of  absorption- 
adsorption  of  the  soil  tend  to  maintain  a  constant  concentration  of 
solution. 


The  study  of  the  concentration  of  the  natural  soil  solution  is  of  the 
greatest  importance  as  well  as  of  the  highest  interest  from  all  stand- 
points— the  chemical,  physical,  physiological,  and  biological.  Our  knowl- 
edge concerning  the  concentration  of  the  natural  soil  solution  has  here- 
tofore been  obtained  through  indirect  means,  as  there  has  been  no 
method  capable  of  measuring  it  directly  as  it  exists  in  the  soil  and  con- 
sequently its  exact  magnitude  has  not  been  known,  especially  under 
different  conditions,  including  variation  in  moisture  content,  fertilizer 
treatment,  tillage,  season,  etc. 

In  the  present  paper  the  freezing  point  method  has  been  suggested 
as  a  new  means  of  measuring  the  actual  concentration  of  the  soil  solu- 
tion in  the  soil  at  different  moisture  contents  and  under  different  treat- 
ments. The  method  is  based  upon  the  general  principle  that  the  freez- 
ing point  of  water  is  lowered  by  the  presence  of  soluble  material  and 
that  the  degree  of  lowering  is  proportional  to  the  amount  of  the  soluble 
material  present,  (non-electrolytes).  The  procedure  consists  of  placing 
a  short  column  of  soil  in  a  glass  tube  1  inch  in  diameter  and  9  inches 
long,  inserting  the  bulb  of  a  Beckmann  thermometer  into  this  column 
of  soil,  then  putting  this  soil  tube  into  another  larger  glass  tube  and 
allowing  the  soil  mass  to  cool  in  a  cooling  bath  at  a  temperature  of 
— 4.5**  C.  After  the  soil  mass  has  supercooled  to  about  1°0,  the  thermom- 
eter is  jarred  or  moved  in  the  soil  whereupon  solidification  commences 
and  the  mercury  thread  begins  to  rise  and  continues  to  do  so  until  the 
proper  freezing  point  is  reached  where  it  remains  for  some  time  and 
then  begins  to  fall  again.  The  highest  temperature  reached  on  the 
thermometer  is  taken  as  the  proper  freezing  point  of  the  soil. 

It  has  been  found  that  it  is  extremely  easy  to  determine  the  lowering 
of  the  freezing  point  of  soils.  The  solidification  can  be  started  when 
the  soil  mass  is  supercooled  to  only  about  0.3 °C  and  it  is  far  easier  to 
induce  solidification  in  soils  than  in  solutions.  The  depression  of  the 
freezing  point  of  soils  can  be  measured  from  any  maximum  water  con- 
tent down  to  a  very  low  water  content.  The  minimum  water  content 
probably  lies  slightly  below  the  wilting  coeflQcient  of  plants.  In  the 
case  of  quartz  sand,  for  instance,  the  lowering  of  the  freezing  point  can 
be  measured  when  the  moisture  content  is  only  about  0.7%. 
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The  lowering  of  the  freezing  point  has  been  determined  in  a  large 
number  of  soils  at  two  diffei^nt  moisture  contents,  low  and  higlk  The 
results  of  this  study  show  that  at  the  high  moisture  content  the  freezing 
point  lowering  of  all  the  different  types  of  soil  examined  is  very  low 
and  varies  only  slightly  in  the  different  soils.  At  the  low  moisture  eon- 
tent,  however,  the  lowering  of  the  freezing  point  is  very  high  and  varies 
tremendously  with  the  extreme  types  of  soil,  being  highest  in  clay  type 
and  lowest  in  sand.  The  amount  of  concentration  and  osmotic  pres- 
sure that  are  represented  by  the  great  depressions  in  the  coniplex  types 
of  soil,  are  indeed  very  great.  The  depression  of  .955°C  of  clay,  for  in- 
stance, which  was  obtained  at  18.80%  moisture  content,  represents  a 
concentration  of  28,941  p.  p.  m.,  and  an  osmotic  pressure  of  12.04  atmos- 
pheres. 

In  all  the  soils,  with  the  exception  of  quartz  sand  and  some  extreme 
types  of  sandy  soil,  the  ratio  of  the  lowering  of  the  freezing  point  is 
not  directly  inversely  proportional  to  the  ratio  of  the  water  content,  as 
might  be  expected,  (approximately),  but  the  former  is  many  times 
greater  than  the  latter.  Thus,  in  the  case  of  clay  the  inverse  ratio  be- 
tween the  lowering  of  the  freezing  point  and  the  water  content  is  27 
to  1.85,  respectively.  Upon  investigating  this  relation  more  thoroughly 
by  determining  the  lowering  of  the  freezing  point  of  various  soils  at 
a  large  number  of  moisture  contents  it  was  found  that  this  relation  fol- 
lows a  mathematical  law  and  indeed  the  geometric  law,  i.  e.,  the  lower- 
ing of  the  freezing  point  increases  in  a  geometric  progression  while 
the  water  content  decreases  in  an  arithmetic  progression.  In  the  case 
of  quartz  sand  and  some  extreme  tj^pes  of  sandy  soil,  however,  the  de- 
pression of  the  freezing  point  increases  inversely  proportional  with 
the  water  content. 

The  enormous  concentration  which  the  lowering  of  the  freezing  point 
of  some  soils  represents  at  the  low  moistui'e  content  created  at  first 
some  doubt  as  to  whether  this  lowering  of  the  freezing  really  repre- 
sents concentration  or  is  caused  by  some  physical  factor  such  as  the 
supposed  pressure  with  which  the  water  films  are  held  by  the  soil  parti- 
cles, etc.  All  possible  physical  factors  that  might  enter  into  the  freez- 
ing point  have  been  thoroughly  considered  but  it  has  not  become  appar- 
ent that  the  great  depressions  have  been  caused  by  any  physical  agent. 
On  the  contrary  all  evidences,  both  direct  and  indirect,  point  over- 
whelmingly to  the  fact  that  these  high  depressions  of  the  freezing  point 
are  produced  by  and  represent  actual  concentration.  Thus,  washed 
quartz  sand  which  would  not  be  expected  to  possess  a  solution  of  high 
concentration  causes  a  lowering  of  the  freezing  of  only  .070°C  at  1.5% 
moisture  content,  while  clay,  which  would  a  priori  be  considered  as 
containing  a  solution  of  high  concentration  produces  a  depression  of 
the  freezing  point  of  .955°C  at  18.80%  moisture  content.  The  rate  of 
increase  in  the  lowering  of  the  freezing  point  with  the  decrease  in  mois- 
ture content  is  uniform  throughout,  from  the  maximum  to  the  minimum 
moisture  content,  etc. 

In  explaining  that  the  high  depression  of  the  freezing  point  at  the 
low  moisture  content,  or  the  increase  of  the  depression  of  the  freezing 
point  with  the  dei^rease  in  moisture  content,  might  i*epresent  concen- 
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tration  of  solution,  the  following  suggestion  is  tentatively  offei'ed:  It 
is  assumed  that  the  soil  solution  contains  salts  or  their  ions,  produced 
by  the  reaction  of  the  dissolved  components  of  the  soil  minerals,  hydro- 
lysis of  the  minerals,  application  of  fertilizers,  decomposition  of  organic 
matter,  etc.  These  salts  have,  as  a  rule,  a  high  solubility  and  would  re- 
quire a  large  amount  of  them  to  form  a  saturated  solution.  They  are 
formed  relatively  slowly  and  since  the  frequent  and  excessive  rains, 
especially  in  the  humid  regions,  tend  to  leach  them  away,  only  a  relative- 
ly small  amount  of  them  is  present  at  a  time.  At  a  high  moisture  con- 
tent these  salts  are  diluted  and  the  lowering  of  the  freezing  point  is 
small.  As  the  moisture  content,  however,  is  reduced,  they  are  con- 
centrated and  the  lowering  of  the  freeing  point  becomes  greater. 

A  critical  consideration  of  the  character  of  the  soil  system  and  a 
thorough  examination  of  the  available  data  of  the  soil  solution  as  ob- 
tained through  soil  water  extracts,  drainage  water,  etc.,  lend  consider- 
able support  to  this  hypothesis. 

The  foregoing  hypothesis,  however,  does  not  explain  why  the  lowering 
of  the  freezing  point  increases  in  a  geometric  progression  while  the 
water  content  decreases  in  an  arithmetic  progression  and  not  follow 
an  inverse  proportionality  law  (approximately)  as  might  be  expected. 

In  explanation  of  this  fact  the  hypothesis  is  also  offered  that  some  of 
the  water  contained  by  the  soil  might  be  either  loosely  chemically  com- 
bined or  physically  adsorbed,  or  both,  in  which  event  that  portion  of  the 
water  is  not  free  or  available  to  dissolve  the  salts  in  the  soil,  but  is 
entirely  removed  from  the  liquid  phase.  If  it  is  physically  adsorbed 
it  is  conceived  that  it  is  almast  solid  like  water  of  crystallization.  The 
hypothesis  would  seem  to  explain  the  results.  Thus,  for  example,  if  a 
soil  like  clay  causes  15%  of  water  to  become  unavailable,  or  be  removed 
from  the  liquid  phase,  and  at  36%  moisture  this  soil  gives  a  depression 
of  the  freezing  point  of  .QM°C  and  at  18.8%  moisture,  .Ooo^O,  then  at 
the  first  case  there  is  20%  moisture  to  dissolve  the  salts  while  in  the 
second  case  there  is  only  3%  of  moisture  for  the  same  purpose.  The 
depression  of  the  freezing  point  at  the  low  moisture  content,  therefore, 
would  be  many  times  greater  than  that  at  the  high  moisture  content, 
than  should  be  expected  from  the  total  percentages  of  moisture  content. 

While  no  experimental  proof  is  offered  for  the  above  hypothesis  there 
are  data  which  seem  to  point  towards  its  validity.  Thus,  it  has  been 
observed  that  at  a  low  moisture  content  the  lowering  of  the  freezing 
point  of  all  colloidal  soils  employed,  becomes  less  or  smaller  with  suc- 
cessive freezings.  This  phenomenon  might  be  explained  under  the  sup- 
position that  at  least  part  of  the  unavailable  water  is  adsorbed  by  the 
colloids  of  the  soil.  Through  the  process  of  freezing  this  colloidal 
material  is  coagulated  and  thereby  releases  the  adsorbed  water  which 
becomes  free  or  available  and  goes  to  dilute  the  original  solution. 

In  the  event,  therefore,  that  the  lowering  of  the  freezing  point  at 
the  different  moisture  contents  represents  actual  concentration  of  solu- 
tion, then  many  extremely  important  and  far-reaching  consequences  fol- 
low: (1).  The  soil  solution  is  not  under  all  conditions  dilute  as  is 
generally  believed.    It  is  dilute  only  at  the  high  moisture  content,  but 
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at  a  low  moisture  content  and  in  some  soilsk,  it  is  tremendously  con- 
centrated, and  this  concentration  can  be  increased  with  the  application 
of  soluble  salts.  (2).  The  concentration  of  the  soil  solution  does  not 
remain  constant  but  varies  greatly  with  the  moisture  content,  and  the 
amount  and  kind  of  soluble  salts  added.  (3).  The  soil  solution  of 
normal  soils  in  humid  regions  may  never  reach  a  saturation  point, 
in  all  the  salts  at  least.  (4).  The  magnitude  of  the  concentration  of 
the  soil  solution  is  not  the  same  for  all  soils  but  varies  greatly  with  the 
different  soils.  (5).  The  absorbtive  power  of  the  soils  does  not  seem 
to  influence  at  all  the  concentration  of  the  soil  solution.  Those  soils 
known  to  possess  the  highest  absorbtive  power  generally  contain  a  solu"- 
tion  of  very  high  concentration,  while  those  that  have  a  low  absorbtive 
power  contain  a  low  cencentration  of  solution.  (6).  The  wilting  of 
plants  at  a  low  moisture  content  may  not  be  entirely  due  to  their  in- 
ability to  obtain  the  remaining  moisture  in  the  soil,  but  also  to  the 
plasmolytic  effects  of  the  high  concentration  of  the  soil  solution. 

By  means  of  the  freezing  point  method  the  effect  of  application  of 
soluble  salts  upon  the  concentration  of  the  soil  solution  in  the  soil,  was 
also  studied.  The  compounds  were  added  to  the  soil  in  solution  in 
n/lOa  strength   and  consisted  of  KCl,  MgSO^,  (NH4)«SO^ 

Ca(N03)2,  NaNOs,  KjHPO^,  CaH^CPO^).,  and"  NaoHPO^.  The  soils  con- 
sisted of  washed  quarts  sand,  two  different  kinds  of  silt  loam,  and  clay, 
and  one  kind  of  sandy  loam,  humus  loam,  peat,  and  kaolin.  The  re- 
sults obtained  in  this  study  show  that  all  these  compounds  have  an 
entirely  different  effei»t  upon  the  concentration  of  the  soil  solution  of 
the  different  soils.  In  the  <?ase  of  the  neutral  salts  the  concentration-  of 
the  soil  solution  was  increased  from  20  to  100%  of  their  strength  em- 
ployed, while  in  the  case  of  the  soluble  phosphates  the  concentration 
of  the  soil  solution  of  all  the  soils  except  peat,  quartz  sand,  and  kaolin, 
was  extremely  little,  if  any,  increased.  These  results  on  the  whole  do 
not  confirm  entirely  the  theories  that  the  application  of  soluble  salts, 
even  in  small  amounts,  may  not  increase  the  total  concentration  of  the 
soil  solution. 
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FOREWORD. 


The  importance  of  the  tomato  crop  in  the  state  of  Michigan  and  the 
seriousness  of  some  of  the  losses  occasioned  by  diseases  led  the  Depart- 
ment of  Botany  to  begin  investigations  on  the  subject  several  years  ago. 
The  investigation  of  one  of  these  diseases,  the  leaf-spot,  the  subject  of 
this  bulletin,  was  turned  over  to  one  of  the  advanced  students,  Mr.  Ezra 
Levin,  who  began  work  in  the  fall  of  1913  and  devoted  a  very  large  part 
of  the  following  school  year  and  summer  to  the  problem.  The  work  was 
carried  out  along  lines  laid  down  by  Dr.  Q.  H.  Coons,  Research  Assist- 
ant in  Plant  Pathology,  who  kept  very  close  supervision  of  Mr.  Levin's 
work.  The  revision  of  the  manuscript  and  the  larger  part  of  the  prep- 
aration of  the  Bibliography  were  also  carried  out  by  Dr.  Coons.  The 
result  of  the  investigations  throw  great  light  upon  the  structure  and  life 
history  of  the  fungus  (Septoria  lycopersici)  causing  the  disease  and  ex- 
plain many  of  the  apparently  contradictory  observations  and  conclu- 
sions of  previous  investigators.  They  are  of  especial  value  as  they  show 
where  lie  the  vulnerable  points  in  the  life  history  of  the  fungus,  an  item 
of  the  utmost  importance  in  the  combating  of  a  disease.  Furthermore, 
the  facts  learned  have  been  found  to  shed  light  upon  other  diseases 
caused  by  other  species  of  Septoria,  such  as  the  late  blight  of  celery,  etc. 

In  view  of  the  foregoing  it  is  believed  that  it  is  highly  desirable  to 
publish  the  details  of  the  investigations  as  a  Technical  Bulletin,  for  the 
benefit  of  investigators  wherever  the  diseases  of  this  type  are  being  stud- 
ied, and  to  present  the  main  facts,  together  with  directions  for  control, 
in  a  popular  form  in  another  publication. 

ERNST  A.  BESSEY, 

Botanist. 
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THE  LEAF  SPOT  DISEASE  OF  TOMATO. 


THE  HOST. 


The  eoinmon  commercial  type  of  tomato  is  Lycopersicon  lyeopersicon 
(L.)  Karst.,  and  is  to  be  distinguished  from  the  currant  tomato,  Lycop- 
ersicon pimpi7ieUifolium  Dunal,  and  the  cherry  tomato,  Lycopersicon 
cerasifonne  Dunal. 

The  importance  of  the  tomato  crop  in  the  United  States  is  indicated 
by  the  following  statement  from  the  Thirteenth  Census  Report :  "Judged 
by  value,  tomatoes  were  the  most  important  vegetable,  the  value  ex- 
ceeding 113,700,000  in  1000."  The  Michigan  tomato  crop  is  extremely  valu- 
able. The  report  cre<lits  the  state  with  If217,256,  tomato  production,  and 
this  has  since  increased  to  at  least  five  times  this  amount. 

The  methods  used  in  growing  this  crop  in-fluence  the  prevalence  of  this 
disease  to  a  great  extent. 

Seed  is  sown  in  hot  beds  or  greenhouses  several  weeks  before  setting 
out;  (in  Michigan  from  March  to  May).  In  the  open,  two  types  of  cul- 
ture are  employed:  (1)  training  of  plants  to  two  or  three  stems  tied  to 
a  stake,  (2)  allowing  plants  to  grow  over  the  ground  at  will.  In  forc- 
ing tomatoes,  the  plants  are  usually  trained  to  a  single  stem  and  staked. 

In  recent  years  more  and  more  complaints,  indicating  the  prevalence 
of  serious  tomato  diseases,  have  come  from  the  tomato  growers  of  Mich- 
igan. The  plant  disease  survey  of  the  state  indicated  that  Septoria  leaf- 
spot  was  especially  serious.  Investigation  was  begun  by  the  writer  in 
September,  1913,  and  practically  completed  August,  1914. 


The  common  names  by  which  this  serious  disease  is  known  are:  "late 
blight,"  "blight,"  and  "leaf-spot."  It  is,  however,  a  well  known  fact 
that  in  some  sections  of  the  country,  tomatoes  are  attacked  by  Phytoph 
thora  infestans  (Mont.)  de  By.,  the  cause  of  late  blight  of  potato.  This 
precludes  the  use  of  "late  blight"  as  a  name  for  this  disease.  "Blight" 
and  "leaf-spot"  are  also  more  or  less  preempted.  The  former  of  these 
terms  or  preferably  "early  blight"  may  best  be  associated  with  Alter- 
mria  solani  (E.  and  M.)  J.  and  G.  which  also  attacks  tomatoes.  ,A  com- 
mon usage  among  pathologists  seems  to  warrant  the  name  of  "leaf-spot" 
in  referring  to  the  diseases  of  this  type. 

PREVIOUS  INVESTIGATION  OF  THE  DISEASE  AND- ITS  CAUSAL  ORGANISM. 

It  is  generally  conceded  that  the  fungus,  Septoria  lycopersici  Speg. 
causes  the  disease  commonly  known  as  "leaf-spot"  of  tomato.  As  will 
be  seen  this  has  been  more  of  an  inference  based  upon  the  conijjtant  asso 
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ciation  of  the  organism  with  the  disease  than  a  conclusion  resulting  from 
experimentation. 

The  organism  was  discovered  in  Argentina  by  Spegazzini  in  1882.  The 
fungus  and  its  characteristic  lesions  were  tersely  described  by  him  in  a 
publication  containing  descriptions  of  several  other  organisms.  The 
name  given  by  Spegazzini  has  been  in  common  use  for  this  disease-pro- 
ducing organism  although  the  fungus  was  subsequently  found  upon  the 
host  in  countries  far  from  the  source  of  the  type  material. 

The  early  accounts  of  this  disease  consisted  of  a  few  scattered  notes 
recording  the  finding  of  the  fungus  in  various  localities.  For  example^  as 
recorded  in  Briosi  and  Cavara  (1889)  :  Cuboni  (1888)  and  Passerini 
(1889)  found  the  fungus  in  Italy.  Passerini's  contribution  is  note- 
worthy in  that  this  author  recognized  the  pathogenic  character  of  the 
organism  and  outlined  rather  fully  the  symptoms  of  the  disease. 

B.  D.  Halsted  (1896;  1897)  .  was  the  first  to  report  the  disease  for  the 
United  States  and  in  one  of  his  annual  reports  he  Usted  SeptoHa  lyco- 
persid  for  New  Jersey  and  mentioned  it  as  causing  one  of  the  leading 
fungous  diseases  of  tomato.  A.  D.  Selby  (1897a)  discussed  a  "new 
arrival"  in  Ohio,  apparently  Septoria  lycopersici,  and  in  a  later  article, 
its  distribution  in  Ohio  was  particularly  noted  (1897b).  The  same  author 
in  1899  stated — "During  the  season  1898  conditions  of  warmth  and  mois- 
ture seemed  to  favor  the  development  of  the  Septoria  fungus.''  In  1899, 
Dr.  E.  A.  Bessey  observed  extensive  damage  in  Maryland  near  Ann- 
apolis Junction  (verbal  communication).  F.  S.  Earle  (1900)  noted  a  seri- 
ous epidemic  of  this  disease  in  the  cold  frames  at  Auburn,  Ala.  N.  A. 
Cobb  (1902),  discussing  tomato  diseases  of  Australia,  stated  that  this 
disease,  "has  never  been  mentioned  in  this  journal  (Agr.  Gaz.  N.  S. 
Wales)  hitherto."  "The  leaves  are  attacked  more  particularly  although 
there  is  hardly  any  part  of  the  plant  entirely  free  from  attack."  Again 
recording  the  fungus  for  Australia,  D.  McAlpine  (1903)  gave  a  descrip- 
tion of  the  fungus  and  the  effect  produced  upon  the  host.  W.  A.  Keller- 
man  (1903)  wrote  a  brief  note  on  Septoria  lycopersici.  In  1904,  W.  A. 
Orton  mentioned  the  disease  as  serious  in  the  previous  year.  G.  Dela- 
croix (1905)  in  recording  the  histoi^y  of  this  fungus  in  France,  wrote  a 
description  of  the  causal  organism  on  the  host  and  in  pure  culture  and 
noted  successful  infection  experiments.  (See  page  12).  L.  Reh  (1905) 
described  the  disease  in  Germany.  G.  Kock  (1905)  noted  the  disease  in 
Austria.  Later  he  described  Septoria  lycopersici,  and  made  a  series  of 
observations  on  its  effects  on  the  host,  and  resistance  of  varieties.  K. 
Kornauth  (1905)  gave  a  further  account  of  the  disease  in  Austria.  J. 
Burtt-Davy  (1905)  records  the  disease  from  Transvaal.  J.  L.  Sheldon, 
in  West  Virginia  (1905),  noted  "Leaf-Spot."  B.  F.  Floyd  (1905),  in 
Missouri,  described  the  disease  as  attacking  "leaves,  stems,  and  some- 
times green  fruit."  L.  Hollos  (1907)  described  the  disease  in  Hungary. 
F.  D.  Kern  noted  Septoria  lycopersici  in  1906  in  Indiana.  H.  T.  Gussow 
^908)  gave  a  full  description  of  the  disease.  This  article,  dealing  chiefly 
with  greenhouse  conditions,  is  an  extensive  discussion  of  the  fungus  and 
the  disease  which  it  produces.  The  symptoms  of  the  disease  are  dis- 
cussed in  detail,  inconclusive  inoculation  experiments  are  reported,  and 
various  inferences  as  to  the  dissemination  of  the  organism  are  drawn. 
F.  L.  Stevens  and  J.  G.  Hall  (1909)  used  Septoria  lycopersici  for  experi- 
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ments  reported  in  a  paper  entitled  "Variation  of  Fnngi  dne  to  Environ- 
ment." This  article  is  chiefly  devoted  to  a  biometric  study  of  Septoria 
fruiting  bodies  but  from  it  more  or  less  of  a  description  of  the  organism 
in  pure  culture  can  be  gleaned.  The  Great  Britain  Agriculture  and 
Fisheries  Board  (1909.)  again  drew  attention  to  the  disease  in  a  popular 
article  taken  largely  from  Giissow's.  H.  W.  Barre  (1910)  noted  the  dis- 
ease and  its  importance  in  South  Carolina.  J.  W.  Lloyd  and  I.  S.  Brooks 

(1910)  ,  Illinois,  gave  a  brief  descriptfon  of  "Leaf-Spot."  H.  S.  Keed 

(1911)  reported  damage  done  by  the  organism  in  Virginia  and  gave  the 
most  complete  description  of  field  conditions  of  the  disease  up  to  that 
time.  Long  (1918)  gave  a  popular  account  of  the  disease  under  Eng- 
lish conditions.  J.  B.  S.  Norton  (1914),  discussing  the  disease  in  Mary- 
land, gave  the  results  of  spraying  experiments,  as  well  as  a  summary  of 
the  previous  spraying  tests  of  other  stations. 


That  this  disease  has  long  been  of  importance  in  dififerent  parts  of 
the  world  is  apparent  from  the  reports  of  N.  A.  Cobb  (1902),  D.  McAl- 
pine  (1903),  G.  Kock  (1905),  and  H.  T.  Gtissow  (1908),  to  which  refer- 
ence has  already  been  made. 

In  the  United  States  the  disease  has  spread  more  or  less  rapidly,  par- 
ticularly within  the  last  few  years.  The  damage  resulting  from  it  ranges 
from  three  percent  to  a  total  loss  of  the  crop.  Practically  all  the  states 
that  raise  tomatoes  to  any  degree  commercially  are  more  or  less  troubled 
with  leaf-spot,  as  is  shown  by  the  accompanying  map  (Figure  1)  which 
summarizes  data  obtained  by  a  questionnaire,  addressed  to  American 
pathologists. 

The  following  comments  taken  from  the  replies  are  interesting: 
J.  B.  S.  Norton,  of  Maryland,  in  answer  to  the  questionnaire  states: 
"The  disease  causes  a  loss  of  10  25  per  cent  of  our  tomato  crop.  The  loss 
will  run  into  hundreds  of  thousands  of  dollars,  if  not  a  million."  For 
Missouri,  Geo.  M.  Reed  writes:  ^^In  some  tields  perhaps  50%  of  the  early 
tomato  crop  is  damaged  by  this  disease."  N.  J.  Giddings,  of  West  Vir- 
ginia :  "It  is  the  worst  disease  which  we  have  on  tomatoes  in  West  Vir- 
ginia." C.  E.  Durst,  of  Illinois,  states:  "This  disease  coupled  with 
jFusarium  Wilt  is  almost  driving  the  growers  out  of  the  business  of  to- 
mato growing  in  that  section  (southern  Illinois)."  C.  W.  Edgerton, 
Louisiana,  writes :  "Not  as  yet  common  but  seems  to  be  spreading  rapid- 
ly. I  look  for  this  disease  to  become  serious  in  this  state."  It  is  note- 
worthy that  Septoria  leaf-spot  has  evidently  appeared  in  Louisiana  but 
recently.  H.  S.  Reed  (1905) :  "The  culture  of  tomatoes  in  southwest 
ern  Virginia  is  becoming  increasingly  ditficult,  due  to  the  serious  blight 
and  point  rot  diseases,  which  have  attacked  this  crop  annually  for  the 
past  five  years."  On  the  contrary,  H.  W.  Anderson,  Wabash  College, 
Indiana,  writes:  "In  this  region  we  consider  it  a  benefit,  since  it  kills 
off  the  leaves  near  the  base  of  the  plant  and  allows  the  sun  to  ripen  the 
tomatoes." 


In  answer  to  a  questionnaire  as  to  prevalence,  the  pathologists  of  thir- 
ty-four states  reported  the  disease  as  common  from  the  '^l^^^^jf;^!?' 
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bama,  California,  Connecticut,  Delaware,  Illinois,  Louisiana  (becoming 
common),  Maryland,  Michigan,  Missouri,  New  Jersey,  New  York,  North 
Carolina,  Pennsylvania,  and  Wisconsin.    (Figure  1). 

A  reply  to  a  similar  request  to  the  Bureau  of  Plant  Industry,  Plant 
Disease  Survey  (Cotton  and  Truck  Disease  and  Sugar  Plant  Investiga- 
tions) for  information  as  to  the  distribution  of  the  disease  brought  the 
following:  "Reported  in  lOO.'J  from  Alabama,  Connecticut,  Missouri,  New 
Jersey,  New  York,  and  Ohio;  1904  from  North  Carolina  and  Ohio;  1905 
from  Delaware,  Maryland,  North  Carolina,  Ohio,  and  West  Virginia; 
1900  from  Delaware,  Nebraska,  New  Jersey,  Ohio,  and  West  Virginia; 
1907  from  Delaware,  Illinois  (mentioned  that  it  has  been  present  in  this 
state  for  three  or  four  years),  Maryland,  Nebraska,  New  Jersey,  North 


Figure  1.  ^»l8trlbutlon  and  rolatlvo  Iraportanrp  of  thp  Septorla  lonf-Hpot  of  Tomato,  a«  do- 
tormlned  from  a  qupstlonnalre  to  Aniprlran  phytopathologiRtR.  rolleotlon  records  from  Michi- 
gan are  shown  by  dots. 

Carolina,  Ohio,  and  West  Virginia;  1908  from  Delaware,  Maryland,  New 
Jersey,  Ohio,  Pennsylvania,  and  South  Carolina;  1909,  Delaware,  Indi- 
ana, Iowa,  Maryland,  Nebraska,  New  Jersey,  North  Carolina,  Ohio, 
Pennsylvania,  South  Carolina,  and  West  Virginia;  1910  from  Delaware, 
Indiana,  Kansas,  Kentucky,  (exceptionally  })revalent),  Maryland,  Mis- 
sissippi, Nebraska,  New  York,  Ohio,  South  Carolina,  Texas,  Virginia, 
and  West  Virginia;  1911  from  Delaware,  District  of  Columbia,  Florida, 
Illinois,  Iowa,  Maryland,  Massachusetts,  Missouri,  Ohio,  Pennsylvania, 
Virginia,  West  Virginia  and  Wisconsin;  1912  from  Alabama,  Delaware, 
District  of  Columbia,  Illinois,  Indiana,  Iowa,  Maryland,  Michigan,  Min- 
nesota, Missouri,  New  Jersey,  North  Carolina,  Ohio,  Khode  Island,  South 
Carolina,  Tennessee,  Texas,  Virginia,  and  West  Virginia."  The  reply 
also  notes  that  "The  disease  may  not  necessarily  have  progressed  as 
rapidly  as  this  would  indicate  but  may  have  been  present  in  all  the 
states  earlier." 
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SIGNS. 

The  general  signs  of  this  tomato  disease  are  conveyed  by  the  popular 
term,  "blight."  The  growers  notice  a  general  unthriftiness  in  their 
plants,  along  with  a  dying  of  the  leaves  beginning  first  with  the  lower 
ones  and  gradually  advancing  upward  on  the  plant.  (Plate  1).  The 
fruit  fails  to  ripen  evenly  or  rapidly,  and  with  severe  attack,  the  entire 
crop  may  fail.  Such  fruit  as  is  produced  from  diseased  plants,  lacks 
sweetness  and  solid  matter.  This  last  condition  is  often  complained  of 
by  canners,  although  they  ascribe  "watery"  tomatoes  to  wet  season,  rather 
than  to  a  fungous  disease  made  severe  by  the  season.  In  short,  all  the 
general  signs  which  accompany  interference  with  the  photosynthetic 
function  are  to  be  expected  with  this  disease. .  The  great  reduction  in 
leaf  surface  is  accompanied  by  a  reduction  of  carbohydrate  formation. 

Along  with  these  general  signs  of  the  disease  there  are  distinct  lesions 
on  various  parts  of  the  plant  which  allow  sure  diagnosis. 

The  fungus  causes  lesions  upon  the  leaf,  the  stem,  the  fruit  and  the 
calyx. 

On  the  Leaves: 

The  earliest  indication  of  the  disease  is  a  water-soaked  spot  which  can 
be  distinguished  with  a  hand  lens  on  the  underside  of  the  leaf.  There 
is  no  noticeable  discoloration  of  the  tissue  at  the  outset.  As  the  spot 
grows  larger  it  becomes  more  or  less  circular  in  outline  and  shows  a 
definite  margin.  The  affected  tisssue  darkens,  becomes  shrunken  and 
later  appears  hard  and  dry.  The  color  of  this  spot  may  vary  from 
black  to  grayish-white.  The  spots  may  vary  in  shape  and  size  from  a 
small  circular  spot  of  pin-head  size  to  a  large  irregular  spot  of  about  2 
cm.  in  diameter.  Not  infrequently  the  spots  coalesce.  While  the  tissue 
is  shrinking  3-10  small,  black,  glistening  pycnidia  appear  in  the  spot. 
Finally,  yellowish,  mucilaginous  masses  can  be  seen  exuding  from  the 
l)ycnidia.  Upon  microscopic  examination  these  are  found  to  be  masses 
of  long  filiform  spores.  The  number  of  pycnidia  in  the  larger  spots  may 
be  as  high  as  30.  The  pycnidia  are  well  defined,  visible  with  the  naked 
eye  and  separate  (Pla|e  2.).  Pycnidia  may  occur  on  the  under  side  of 
the  leaf ;  usually,  however,  they  occur  on  the  upper  side.  At  this  point 
it  must  be  noted  that  not  all  spots  contain  pycnidia  when  the  leaf  dies. 
This  point  will  be  taken  up  in  detail  later.    (Page  24). 

About  the  time  of  spore  exudation,  the  green  tissue  of  the  leaflet  con- 
tiguous to  the  fungous  spot  begins  to  turn  yellow.  This  yellowing  in- 
creases, eventually  involving  the  entire  leaflet.  Then  the  fungous  spots 
which  have  so  far  been  pliable  become  dry  and  brittle.  The  leaflets  grad- 
ually droop  and  dry  on  the  stalk  which  later  also  shrivels  up  but  re- 
mains attached  to  the  stem  until  broken  off  by  a  slight  jar.  On  tomatoes 
which  are  staked  the  disease  is  sometimes  confined  to  the  lower  leaves 
(Plate  1).  Where  the  plants  are  allowed  to  trail  at  will,  the  disease 
may  cause  almost  complete  defoliation  of  the  plant,  the  small  tufts  of 
young,  terminal  leaves  alone  escaping. 

On  the  Stems: 

The  disease  is  commonly  found  on  the  stems.  It  is  manifested  by 
small,  slightly  elongated,  dark  spots  containing  pycnidia.    These  spots 
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are  not  so  clearly  defined  as  those  on  the  leaf.  The  damage  to  the  stem 
is  slight ;  these  spots  do  not  enlarge  to  form  cankers  and  are  not  serious 
except  insofar  as  they  produce  spores  for  further  infection. 

On  the  CiUyx: 

Small  spots,  more  or  less  elongated,  occur  on  the  calyx  and  take  a 
form  intermediate  between  those  on  the  leaves  and  stems.  It  may  be  re- 
marked that  the  differences  in  form  of  the  spot  are  doubtless  due  to  the 
texture  of  the  host. 

On  the  Fruit: 

The  disease  has  never  been  seen  in  Michigan  as  affecting  the  fruit  in 
the  field,  however,  J.  B.  S.  Norton,  (1914)  states,  *The  disease  may  also 
attack  the  fruit,  causing  dark  spots."  It  will  be  seen  later  that  artific- 
ial inoculation  with  spores  does  not  lead  to  infection  of  fruit,  unless 
the  epidermis  is  ruptured.  In  general  it  may  be  noted  that  the  damage 
to  the  fruit  by  leaf-spot  is  negligible. 

ETIOLOGY  OF  THE  DISEASE. 

Previous  Work: 

H.  C.  Delacroix  (1905)  states,  '*Iu  Heptember,  1904,  several  attempts 
at  infection  were  made.  The  inoculation  made  on  the  leaves  without 
wound,  simply  by  placing  tlie  spores  on  them,  did  not  succeed  except 
when  the  surrounding  air  was  thoroughly  saturated,  and  .under  these 
circumstances,  I  was  successful  with  but  one  infection.  The  eight  which 
i  tried  to  inoculate  by  a  very  slight  scratch  on  the  leaf  gave  better  luck, 
the  infection  resulting  under  these  conditions  were  five  out  of  eight  at- 
tempts." The  only  other  recorded  attempt  to  determine  the  pathogeni- 
city of  this  fungus  was  performed  by  H.  T.  Gtissow  (1908).  water 
infusion  of  diseased  leaf  tissue  sprayed  on  a  healthy  plant."  "The  whole 
foliage,  stem  and  young  fruits  were  covered  with  spots."  From  the 
meager  experiments,  of  Delacroix  the  impression  that  the  organism  is 
merely  a  wound  parasite  would  be  justified  while  the  experiment  of  Gus 
sow  is  inconclusive. 

Fonnal  Proof  of  Causation: 

(a)  Constant  association  of  organism  with  the  disease: 
Suspected  *ieaf-spot"  material  was  collected  from  Earliana  tomatoes 

in  the  Botanical  greenhouse.  The  typical  spots  were  examined.  Pycnidia 
were  found  containing  long,  filiform,  septate  spores..  Comparing  this 
material  with  descriptions  of  the  fungus  from  various  sources,  the  fun- 
gus was  diagnosed  as  SeptoHa  lycopersici  Speg. 

(b)  Pure  culture: 

A  pure  culture  was  obtained  by  the  ordinary  dilution  methods.  The 
material  was  carefully  washed  under  a  steady,  tine  stream  of  sterile  dis- 
tilled water.  Pycnidia  were  crushed  on  a  slide  and  plates  were  poured. 
These  were  incubated;  later  single  colonies  were  transferred  to  nutrient 
agar.  Several  days  later,  these  were  examined ;  pycnidia  were  found  in 
abundance,  but  no  spores  were  present.  Portions  of  mycelium  were 
transferred  to  nutrient  glucose  agar,  potato  agar,  and  tomato  agar.  In 
eight  days  pycnidia  were  found  containing  typical,  long,  filiform  spores. 
Subcultures  on  the  same  media  were  made  and  spores  produced  in  such 
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quantities  that  the  white,  glistening  mass  exuding  from  the  pycnidia 
was  easily  perceptible  to  the  unaided  eye.  This  was  very  fortunate  as 
spores  could  be  obtained  free  from  the  mycelium  and  the  other  substra- 
tum.   (Bee  Plate  4). 

(c)  Production  of  the  disease  on  healthy  plants  by  inoculation  from 

culture. 

A  mass  of  exuding  spores  from  pure  culture  was  shaken  up  in  sterile, 
distilled  water.  In  the  first  attempt  to  produce  the  disease,  thirty-two 
plants  were  used.^  Sixteen  plants  selected  as  checks,  were  sprayed  with 
sterile,  distilled  water  from  a  DeVilbiss  atomizer  No.  2.  The  spore  sus- 
pension was  sprayed  upon  the  other  sixteen  plants  in  the  same  manner, 
using  a  similar  atomizer.   These  were  all  kept  under  bell  jars. 

The  result  was  positive  but  spots  on  the  inoculated  plants  were  very 
few  per  leaflet  and  small.  One  check  plant  also  showed  infection.  Many 
leaflets  showed  no  spots  at  all,  and  others  showed  no  more  than  two. 
Considering  the  number  of  spores  applied,  and  comparing  the  results 
with  the  Van  Tieghem  cell  in  which  30%  of  the  spores  had  germinated, 
the  results  were  not  highly  satisfactory. 

The  following  experiment  was  performed.  By  means  of  a  platinum 
loop  a  drop  of  spore  suspension  was  placed  upon  a  single  leaflet ;  a  very 
small  piece  of  **White  Rose"  cotton  was  quickly  spread  over  it.  Twenty- 
five  such  inoculations  were  made.  The  plants  were  placed  in  a  moist 
chamber,  in  which  there  was  an  arrangement  to  produce  a  fine  mist 
when  desired.^  In  five  days  every  leaflet  inoculated  showed  typical, 
water-soaked,  diseased  areas.  The  uninoculated  leaflets  were  free  from 
disease.  Pycnidia  were  evident  after  ten  days  and  exudation  of  white 
spore  masses  thirteen  days  after  inoculation.  The  advantages  of  this 
method  of  inoculation  were:  the  spores  were  protected  by  the  cotton 
since  the  moisture  collecting  on  the  leaves  did  not  remove  them;  the  cot- 
ton indicated  exactly  where  the  inoculation  was  made;  every  uninocu- 
lated leaflet  was  a  check  on  the  inoculated  leaflet. 

(d)  Reisolation  and  (e)  Beinoculation : 

Plates  were  poured  from  the  exuding  spore  masses  from  the  pycnidia 
and  reisolations  were  made  to  tomato  agar,  nutrient  agar,  and  potato 
agar.  The  identity  of  the  recovered  organism  was  determined  beyond 
question.  The  cultures  so  obtained  were  used  successfully  in  subsequent 
inoculation  experiments. 

Infection  Phenomena: 

The  Period  of  Incubation : 

Numerous  experiments  gave  entirely  concordant  results  as  to  the  time 
necessary  after  inoculation  for  noticeable  lesions  to  appear.  In  the 
extensive  experiment  reported  on  page  33  the  daily  observation  required 
in  this  experiment  gave  abundant  opportunity  for  exact  record.  The 
first  signs  of  the  spots  appeared  five  days  after  inoculation.  In  experi- 
ments where  inoculations  were  made  on  media  of  various  kinds  and 
these  media  incubated  among  the  inoculated  plants  to  insure  more  or 
less  similarity  of  conditions,  it  is  noteworthy  to  observe  that  the  colony 
on  tomato  agar  was  approximately  the  same  size  as  the  spot  on  the  leaf. 

'This  work  waa  done  in  a  greenhouse  where  the  temperatare  varied  from  18*  C.  to 
25**  C,  and  the  ordinary  moist  greenhouse  conditions  prevailed.  ,      .    ^  . 

*A  fine  let  of  water  from  the  tap  was  allowed  to  strike  the  top  of  a  large  galvanized  iron 
box. 
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This  set  of  phenomena  indicated  that  the  initial  attack  of  the  fungus  pro- 
duces little  effect  on  the  host,  and  it  is  only  after  several  days  that  the 
fungus,  probably  by  its  by-products  kills  the  tissues.  While  no  work 
has  been  done  with  the  by-products  of  this  fungus,  it  may  be  mentioned 
that  coincident  with  the  killing  of  the  host  tissue  occurs  the  darkening 
of  the  tomato  agar.  Experimentation  with  such  products  would 
undoubtedly  yield  results,  opening  up  a  practically  untouched  field  of 
Plant  Pathology. 
The  Subsequent  Development: 

On  the  sixth  day  submerged  pycnidia  could  be  seen  in  the  inoculated 
leaf.  The  record  with  media  was  similar.  On  the  eighth  day  the 
pycnidia  were  erumpent.  Sections  at  this  time  showed  that  spore  for- 
mation was  beginning.  On  the  thirteenth  day  exudation  of  spores  oc- 
curred and  this  was  taken  as  an  indication  of  maturity  of  the  spores. 
The  record  with  media  paralleled  this  with  the  exception  that  the  spore 
exudations  were  more  extensive  in  the  moist  test  tube. 

Infection  and  Moisture: 

In  the  experiments  so  far  reported  in  testing  the  pathogenicity  of  the 
fungus  the  inoculated  plants  were  left  in  the  moist  chamber — sometimes 
in  a  chamber  filled  with  a  fine  spray — for  a  comparatively  long  period. 
Experiments  were  later  inaugurated  to  find  the  approximate  number 
of  hours  requisite  in  the  moist  chamber  to  insure  infection. 

Previous  experiments  had  shown  that  100%  infection  followed  the 
placing  of  viable  spores  on  the  under  side  of  leaves.  The  flecks  of  cotton 
were  found  valuable  as  a  marker  and  as  a  device  for  preventing  the  wash- 
ing of  the  spores  from  leaf  to  leaf.  Five  leaflets  each  of  ten  strong  vigor- 
ous plants  about  7-14  inches  tall  were  inoculated  with  spores  from  the 
stock  pure  culture.  Nine^  of  these  plants  were  put  in  the  Wardian  case 
which  was  provided  with  a  jet  of  water  which  struck  the  top  and  broke 
into  a  fine  spray.  A  plant  was  taken  out  at  intervals  of  6,  12,  24,  36,  48, 
54,  60,  and  72  hours  after  inoculation.  Each  plant  was  immediately 
dried  by  the  breeze  from  an  electric  fan.  After  an  interval  of  15  minutes 
these  plants  were  placed  on  a  shelf  in  the  window  of  the  laboratory. 
After  five  days  all  plants  showed  typical  spots  on  the  inoculated  leaves. 
The  other  leaves  were  healthy.  That  plant  which  had  not  been  put  into 
the  moist  chamber  showed  as  typical  a  case  of  infection  as  the  others. 
This  experiment  is  in  striking  variance  to  the  usual  experience  with 
plant  pathogenes,  since  it  is  commonly  stated  that  the  host  must  be  wet 
lor  a  number  of  hours  at  least  in  order  for  infection  to  occur. 

On  account  of  this  contradiction  the  experiment  was  immediately  re- 
peated with  exactly  similar  results.  The  technique  of  the  two  experi- 
ments was  alike  with  the  exception  that  in  the  second  experiment  the 
plants  were  kept  in  the  blast  of  the  fan,  following  removal  from  the 
moist  chamber,  until  infection  was  evident.  No  variation  from  the  nor- 
mal time  was  observed. 

An  experiment  was  then  performed  in  which  six  small  plants  fresh 
from  the  greenhouse  were  inoculated  respectively  on  the  upper  and  lower 
leaf  surfaces  with  a  loop  of  spore  suspension.  The  atmosphere  in  the 
greenhouse  was  such  that  the  plants  were  in  a  condition  of  incipient  wilt- 
ing and  the  water  drop  disappeared  at  once.  (August,  1914).  These 

*One  plant  was  not  put  Into  the  moist  chamber. 
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plants  were  then  set  in  the  direct  sunlight  on  a  shelf  in  the  window.  Five 
of  these  plants  showed  typical  infection. 

This  experiment  was  repeated  using  for  inoculation  the  spore  mass 
without  making  a  suspension  in  water.  With  a  platinum  needle  a 
minute  portion  of  this  spore  mass  exuding  from  a  pycnidium  was  trans- 
ferred to  the  leaflets  of  five  plants.  The  results  were  similar.  All  plants 
were  infected  after  five  days.  This  experiment  was  performed  because  it 
was  thought  that  the  drop  of  spore  suspension  evaporating,  drew  the 
spores  into  the  substomatal  chamber.  The  results  indicate  that  this  hypo- 
thesis is  untenable. 

The  interpretation  of  this  experiment  is  rather  difficult.  -  There  can 
be  no  doubt  that  an  extremely  small  amount  of  water  is  necessary  to 
enable  the  spores  to  germinate  and  enter  the  tissues.  This  water  may 
be  the  small  amount  held  upon  the  leaves,  but  this  is  difficult  to  credit 
in  view  of  the  experiment  just  reported.  The  moist  air  of  the  substo- 
matal chamber  may  be  concerned.  The  mucilaginous  spore  wall  un- 
doubtedly clings  tenaciously  to  a  small  amount  of  imbibed  water.  A 
fact  to  be  taken  into  consideration  in  the  interpretation  of  these  results 
is  that  the  spores  do  not  germinate  in  less  than  24  hours  in  a  Van  Tieg- 
hem  cell  or  on  a  moist  slide.  Combining  this  with  these  experiments, 
the  results  appear  most  striking.  It  is  possible  that  the  temperature 
factor  is  important  in  this  phenomenon.*  It  is  evident  that  if  the  spore 
reaches  the  leaf,  regardless  of  the  agent  involved,  the  spore  will  cause 
infection,  providing  the  temperature  is  favorable  for  the  development  of 
the  mycelium.  It  may  be  that  in  the  case  of  other  fungi  as  well,  current 
ideas  on  the  necessity  of  water  films  and  dew  for  long  periods  in  order 
to  produce  infection  may  be  based  wholly  upon  inference. 


PHYSIOLOGICAL  AND  ECOLOGICAL  RELATIONS  OP  THE  CAUSAL  ORGANISM. 

Oermination: 

To  observe  the  spore  germination  and  subsequent  colony  formation  in 
various  media,  the  following  method  was  employed:  Petri  dishes  con- 
taining Van  Tieghem  cells  were  arranged  according  to  Duggar's  (1910, 
p.  59)  method.  Blotting  paper  was  perforated  so  that  small  glass  rings 
would  be  held  in  place  while  being  sterilized.  (Plate  3,  Pig.  1).  The 
media  used  were  cornmeal  agar  (see  appendix),  potato  glucose  agar, 
nutrient  broth,  nutrient  glucose  agar,  tomato  leaf  agar,  and  distilled 
water.  Solid  media,  from  which  hanging  drops  were  made,  was  melted 
and  cooled  to  approximately  42°  C.  An  exuding  mass  of  spores  was 
shaken  up  in  each  tube.  Each  Petri  dish  as  described  above  contained 
seven  Van  Tieghem  cells.  A  different  medium  was  used  in  each  Petri 
dish.    Each  hanging  drop  of  the  medium  contained  4-6  spores. 

Thus  it  was  possible  to  make  germination  studies  and  observe  de- 
velopment (under  the  microscope)  until  the  organism  had  attained  mac- 
roscopic size.  The  exact  time  elapsing  before  germination  was  diffi- 
cult to  determine,  due  to  the  manner  of  development  of  the  spores.  The 
first  signs  are  manifested  in  a  pronounced  swelling  of  the  spore  to  al- 
most twice  the  original  diameter.  Regular,  well-defined  vacuoles  ap- 
peared surrounded  by  dense  protoplasm,  which  made  the  spore  look 

^hese  experiments  were  performed  from  August  15  to  31. 
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like  a  chain.  This  condition  appeared  in  all  the  media  at  the  end  of 
twenty-four  hours.  At  the  end  of  36  hours  the  end  cells  of  the  spores 
had  grown  somewhat  irregular,  slightly  tapering,  and  somewhat  nar- 
rower than  the  middle  cells.  The  elongation  of  both  ends  of  the  spore 
preceding  the  formation  of  definite  germ  tubes  was  of  general  occur- 
rence (Plate  9,  Pig.  3).  Exceptions  to  this  were  seen  when  the  number 
of  spores  in  the  hanging  drops  was  increased  so  that  the  spores  touched. 

After  48  hours,  germ  tubes  were  formed  varying  from  1  to  4  for  each 
spore.  The  germ  tube  may  grow  from  any  cell.  (Plate  9,  Figs.  1  and  2). 

One  may  consider  the  germination  of  the  spores  as  beginning  either 
with  the  formation  of  the  definite  germ  tube  or  with  the  growth  from 
the  terminal  cells.  In  many  spores  instead  of  developing  germ  tubes 
immediately,  the  terminal  cells  elongate  and  then  branch.  The  other 
cells  in  the  spore  may  or  may  not  send  out  germ  tubes.  For  the  first 
four  days,  the  germination  phenomena  and  initial  colony  formation  are 
much  alike  in  various  media  (Plate  9,  Pigs.  4  and  5).  With  the  subse- 
quent growth,  differentiation  takes  place. 

In  the  Van  Tieghem  rings  with  nutrient  glucose  agar  and  potato  glu- 
cose agar  a  very  luxuriant  growth  took  place.  The  four-day-old  colonies 
were  readily  visible  to  the  unaided  eye.  The  hyphae  were  richly  branch- 
ed, with  prominent  oil  drops,  and  were  very  striking  because  of  their 
irregular  contour.  (Plate  9,  Fig.  7,  Plate  8,  Fig.  5).  After  six  days,  the 
medium  became  brown,  and  after  eleven  days,  the  mat-like  stroma  was 
so  thick  that  observation  with  a  microscope  was  impossible. 

In  distilled  water  the  ring  cultures  made  but  slight  growth  other  than 
germination  and  no  sporulation  was  seen. 

Commeal  agar  and  tomato-leaf  agar  gave  a  moderate  growth  in  mark- 
ed contrast  to  the  media  rich  in  sugars.  After  four  days,  secondary 
spores — ^long  filiform  structures  arising  from  small  papillae  on  the  my- 
celium— were  found  in  tomato-leaf  agar  and  two  days  later  in  the  corn- 
meal  agar.  After  eleven  days,  some  of  the  threads  of  mycelium  became 
dense  brown.  (Plate  9,  Fig.  6).  This  condition  was  found  in  both  com- 
meal and  tomato-leaf  agar.  (Plate  8,  Fig.  4).  Pycnidium  formation  was 
noticeable  after  the  eleventh  day.  (Plate  9,  Fig.  8). 

In  nutrient  broth  cultures,  a  diffuse  rapid  growth  took  place.  The 
hyphae  were  narrow  and  regular,  and  were  not  profusely  branched.  On 
the  sixth  day,  secondary  spores  were  found.  Five  days  after  formation 
it  was  found  that  these  secondary  spores  had  germinated  forming  new 
colonies.  (Plate  8,  Fig.  3).  Others  produced  secondary  spores  imme- 
diately after  elongation  (Plate  8,  Fig.  2).  After  eleven  days  pycnidium 
formation  was  evident  throughout  the  culture. 

The  observations  may  be  summarized  as  follows: 

1.  Spore  structures,  evidently  secondary  spores,  are  formed  abund- 
antly in  various  media.  These  may  germinate  and  form  new  colonies. 
This  contradicts  Delacroix  (1900)  who  states,  "The  stylospores  germin- 
ate easily  in  water  and  nutritive  liquids  by  the  production  of  a  septate, 
branching  filament  witJmit  the  formation  of  secondary  spores."' 

2.  The  presence  of  a  distinct  type  of  mycelium;  whether  this  mycel- 
ium is  a  special  stroma  or  pycnidial  mycelium  has  not  been  definitely  de- 

■As  the  nutritive  Uqnids  used  were  not  mentioned,  repetition  of  Delacrolx*8  experiment  was 
not  possible. 
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termined.  It  is  believed  that  these  hyphae  (as  a  base)  become  asso- 
ciated with  the  hyaline  hyphae  to  form  the  pyciiidial  wall.  It  might  be 
mentioned  that  all  media  become  strongly  browned  immediately  after 
the  pycnidia  begin  to  form.  The  source  and  nature  of  this  browning 
must  remain  for  future  investigation. 

Growth  on  Media: 

Macroscopic  Cultural  Observation: 

The  following  media  were  used :  Cornmeal  agar,  nutrient  glucose  agar, 
prune  juice  agar,  tomato  agar,  nutrient  saccharose  agar,  nutrient  broth, 
bean  pods,  potato  plugs,  tomato  leaves,  tomato  stems,  cornmeal  and 
rice. 

Spores  from  pure  culture  were  inoculated  into  three  tubes  of  double 
distilled  water  so  that  a  microscopic  examination,  gave  about  36  spores 
in  a  loop.  One  loop  of  spore  suspension  was  introduced  in  each  tube 
of  media.  This  experiment  was  carried  on  in  triplicate,  one  tube  being 
sealed  with  sealing  wax,*  three  tubes  of  each  medium  making  up  one 
series.  Five  of  these  series  were  arranged.  These  were  allowed  to  grow 
at  Foom  temperature  for  48  hours ;  Series  1  was  placed  in  the  greenhouse 
under  the  plants  that  were  severely  affected  with  the  disease  (Approx 
imately  room  temperature)  ;  Series  2  in  the  ice  box,  (Approximately 
12°)  ;  Series  3  in  37i/^° ;  Series  4  (room  temperature,  about  21°  C.)  on 
shelf  in  the  window  of  the  laboratoiy;  Series  5  (room  temperature)  dif- 
fused light. 

In  the  accompanying  table  the  growth  on  different  media  for  3,  6,  8, 
10,  12  and  18  days  respectively  is  described  for  Series  1.  Series  3  made 
no  growth  whatever  at  37  i^°  and  after  ten  days  was  placed  at  room 
temperature  but  did  not  revive.  All  the  other  series  were  so  nearly 
identical  that  it  is  needless  to  differentiate  between  them.  The  organ- 
ism made  no  growth  on  bean  pods.  Tomato  agar  and  cornmeal  agar 
were  found  to  be  the  best  media.  In  the  former  the  growth  simulated 
more  closely  than  in  any  other  medium,  the  growth  on  the  leaf.  The  ex- 
cessive stroma  production  found  in  other  media  was  absent.  The  pyc- 
nidia were  separate  and  distinct,  the  development  almost  identical  as  to 
the  time  necessary  for  pycnidia  production  after  jnoculation.  The  to- 
mato agar  seemed  to  inhibit  the  growth  of  molds  and  bacteria  when 
plates  were  poured  from  field  material.  The  use  of  the  autoclaved  to- 
mato leaf  was  also  very  satisfactory,  although  here  no  ilefinite  spots  or 
colonies  were  formed,  the  growth  being  diffuse. 

The  following  table  gives  the  result  of  this  experiment: 

^Reported  ou  page  23. 
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Kelaiwn  to  Various  Factors: 
Desiccation : 

Exiidin^^  spore  masses  from  a  pure  culture,  in  which  spore  masses  had 
just  appeared  were  transferred  to  15  sterile  cover  slips  in  a  Petri  dish. 
A  spore  sus])ension  was  made  from  spores  from  the  same  culture  and  a 
drop  of  it  was.  placed  on  each  of  15  other  sterile  cover  glasses.  These 
were  kept  in  a  sterile  Petri  dish  when  dry.  After  varying  lengths  of 
time  (see  tahle)  these  slips  were  lifted  with  a  sterile  forceps  and  plant- 
ed in  tubes  to  tomato  agar.  The  results  were  as  follows:  (+)  indicat- 
ing growth;  ( — )  no  growth. 

TABLE  2.— EFFEf 'T  OF  DESICCATION:    TEST  WITH  SPORE  MASSES  AND  SPORE 

SUSPENSION. 

Started  9-11-14.  '  Starte*!  9-14-14. 

Spore  MaBses.         Spore  Suspension. 

9-11-14  9  P.  M.  +  9-14-14  10  A.  M.  -h 
9-12-14  9  P.  M.  -h  '  9-15-14  10  A.  M.  4- 
9-14-14  10  A.  M.  -f  '  9-16-14  10  A.  M.  +  (?) 
9-15-14  10  A.  M.  +  9-17-14  10  A.  M.  -|- 
9-16-14  10  A.  M.  -  9-18-14  10  A.  M.  - 
9-17-14  10  A.  M.  -  9-19-14  10  A.  M.  - 
9-18-14  10  A.  M.  - 
9-19-14  10  A.  M.  -  , 

This  experiment  determined  the  resistance  to  drying  as  well  as  the 
lack  of  influence  of  the  matrix  upon  this  resistance.  This  experiment 
shows  that  the  sjmre,  whether  in  mass  in  the  mucilaginous  matrix  or 
isolated  will  not  resist  drying  more  than  four  days.  The  practical  appli- 
cation of  this  experiment  is  obvious. 

Heat: 

As  was  indicated  (Page  17)  an  entire  set  of  cultures  on  various 
media  were  incubated  at  37iii"  forty-eight  hours  after  inoculation  at 
room  temperature  (23°).  These  failed  to  develop.  Furthermore,  after 
taking  these  out,  fifteen  days  later,  and  allowing  them  to  remain  at 
room  temjjerature  for  four  weeks,  no  sign  of  growth  was  evident. 

This  was  verified  by  inoculating  10  tubes  of  tomato  agar;  five  were 
I>laced  in  37io''  C.  incubator,  five  were  retained  at  room  temperature 
(about  2T  C).  The  tubes  which  were  incubated  at  371/2°  C.  failed 
to  develop,  while  the  check  tubes  developed  normally.  The  tubes  were 
removed  after  5  days  and  kept  at  room  temperature  but  did  not  revive 
after  being  kept  one  month  at  23*^. 

Observations  in  the  field  and  of  material  sent  in  from  various  sources, 
indicated  a  peculiar  range  in  the  size  of  spots.  Pycnidia  were  pi'esent 
but  the  actual  si)ot  formed  varied  greatly.  Some  leaves  would  show 
numerous  small  spots  separate  and  distinct  from  one  another,  covering 
the  entire  leaf.  On  some  leaflets  the  disease  was  manifested  as  one  large 
spot.  These  variations  might  be  dismissed  as  due  to  weather  conditions. 
I>ut,  if  it  is  possible  under  ordinary  weather  conditions  to  find  spots  of 
pin-head  size,  may  it  not  be  that  there  are  some  weather  conditions  which 
entirely  inhibit  the  development  of  the  organism?  That  this  hypothesis 
is  tenable  has  been  demonstrated  by  experimental  evidence.  Inocu- 
lated tubes  of  cornmeal  agar  were  allowed  to  develop  for  48  hours  and 
were  them  i)laced  in  an  incubator  at  29°.  These  did  not  grow  further  in 
the  incubator.  However,  when  taken  out  to  room  temperature  those  re- 
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vived  and  grew  norniall.y.  In  this  experiment  two  tubes  were  taken  out 
each  consecutive  day  after  being  placed  in  the  incubator.  When  compar- 
ing all  the  tubes  after  ten  days,  the  checks  which  were  not  put  into  the 
incubator  at  all,  showed  the  greatest  developments  while  the  other  tubes 
indicated  a  gradual  lesser  development  respectively  until  finally  the 
tubes  taken  out  on  the  day  of  observation  showed  no  development.  All 
the  tubes  grew  normally  at  room  temperature  maintaining  a  difference 
in  growth  as  indicated  by  inhibition  for  24  hours.  That  this  is  import- 
ant practically,  is  obvious.  It  opens  up  a  line  of  investigation  which 
might  make  it  possible  to  know  what  kind  of  weather  is  favorable  to 
the  fungus  not  from  observati(m  and  hearsay  but  from  actual  labora- 
tory tests.  The  lack  of  apparatus  made  it  impossible  to  make  these  in- 
vestigations more  extensive. 

However,  to  determine  whether  this  would  be  verified  on  the  living 
plant,  the  following  experiment  was  performed.  Two  tomato  plants  of 
the  same  age  and  size  were  inoculated  in  the  following  manner.  A  spore 
susj)ension  was  made  from  a  pure  culture  and  one  loop  of  this  suspen- 
sion was  used  for  each  inoculation.  Twenty  inoculations  were  made  on 
each  plant,  ten  on  the  lower  surface  of  the  leaf  and  ten  on  the  upper 
surface.  One  plant  was  placed  in  the  cool  ])art  of  the  greenhouse  and 
the  other  was  placed  in  the  warniest  ])art  of  the  greenhouse.  The  first 
plant  was  placed  at  an  average  temperature  of  2.*^°  C,  and  an  average 
humidity  of  63%.  (These  averages  obtainefl  from  Lambrecht  polymeter 
readings  made  several  times  a  day).  The  second  plant  was  placed  so 
that  the  average  temperature  was  28^^  O.  while  the  average  humidity  was 
55%.  All  inoculations  were  successful.  The  plant  under  the  cooler 
conditions  showed  difference  in  the  lesions  produced  depending  on 
whether  upper  or  lower  surfaces  were  inoculated.-  The  inoculation  on 
the  upper  surface  gave  spots  2-3  mm.  in  diameter,  while  those  on  the 
lower  surfaces  gave  larger  dead  areas,  4-()  mm.  With  the  plant  at  the 
high  temperature,  the  spots  produced  by  inoculaticms  on  the  lower  sur- 
face closely  resembled  those  of  the  upper  surface  of  plant  1,  while  the 
spots  resulting  from  inoculations  on  the  upjier  surfaces  of  the  leaves 
were  mere  points.  Eight  infections  of  the  ten  were  less  than  1  mm.  in 
diameter  and  the  other  two  were  but  slightly  larger. 

This  experiment  indicates  the  difference  in  results  obtained  with  up- 
per and  lower  surface  inoculations.  There  is  also  shown  the  effect  of 
high  temperature  in  inhibiting  this  organism  while  in  the  plant.  In- 
cidentally, this  experiment  indicates  that  a  saturated  atmosphere  is  not 
essential  for  infection  to  take  place.  The  small  loop  of  spore  suspen- 
sion with  which  the  inoculation  was  made,  disappeared  almost  at  once 
when  placed  upon  the  plant.    (See  page  14). 

Thermal  Death  Point  of  Spores: 

This  was  determined  by  the  method  advocated  by  Novy  (1890,  p.  515) 
for  use  with  bacteria.  A  spore  suspension  in  100  cc.  of  sterile  distilled 
water  ivas  made  using  spores  from  a  pure  culture  containing  exuding 
masses  2  or  3  days  old.  These  s])ores  were  placed  in  a  shallow  dish  and 
then  allowed  to  rise  5  or  S  cm.  in  a  thin- walled  capillary  tube  made  by 
drawing  out  a  sterile  glass  tube  of  about  4  mm.  diameter.  After  the  sus- 
pension had  been  drawn  to  the  requisite  height  in  the  tube,  the  height 
can  be  determined  by  the  slant  at  which  the  <^9pill^5j^itiz^J3^^(§d^^l^^ 
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end  which  dipped  in  the  suspension  was  sealed  in  the  flame  of  a  micro- 
burner.  Then  the  capillary  tube  was  scratched  with  a  file  about  half  an 
inch  beyond  the  liquid,  broken  and  sealed.  At  one  time  about  two  dozen 
such  spindles  were  prepared,  and  were  ready  for  use  in  the  experiment. 
The  use  of  such  small  quantities  of  spore  suspension  in  thin-walled  tubes 
enables  the  entire  mass  to  reach  the  desired  temperature  quickly  after 
submersion  in  the  water  bath. 

A  series  of  water  baths  made  of  heavy  cast  iron  were  filled  with  water 
at  the  desired  temperature.  Each  bath  was  equipped  with  a  Bunsen 
burner.  By  varying  the  height  of  the  flame  and  frequent  observations, 
it  was  possible  to  maintain  the  temperature  within  the  range  of  i/^  de- 
gree. Temperatures  ranging  from  40*"  to  60°  C.  by  gradations  of 
degrees  were  used.  After  an  exposure  of  ten  minutes  the  spindles  were 
removed  and  dropped  into  cold  water.  A  nick  was  filed  near  one  end, 
then  the  tubes  were  rinsed  in  HgClj,  followed  by  two  changes  of  sterile 
water.  One  tip  was  broken  off  with  flamed  forceps.  By  gently  heating 
the  unbroken  tip  the  contents  of  the  tube  were  quickly  forced  out  into 
the  test  tubes  of  media.   The  results  were  as  follows : 

r  FT    -  •         ■  ■•■ 

TABLE  3.— THERMAL  DEATH  POINT  OF  SPORES:    TEST  WITH  CAPILLARY  TUBES 

40"  +  62i  - 

42J  +  55  - 

45    4-  67i  - 

47i  +  60  - 

50  +(?) 

It  may  be  concluded  that  the  spores  will  not  grow  after  being  sub- 
jected to  'o2y2  degrees  for  ten  minutes.  However,  it  is  worthy  of  note 
that  the  number  of  spores  which  germinated  and  grew  in  tubes  40° — 
421/^ — 45,  were  much  more  than  that  of  471/2.''  and  50.  At  50  only  6 
colonies  grew;  at  47i/^,  15  colonies,  while  at  40 — 42^^ — 45,  the  growth 
covered  the  entire  surface  of  the  medium  and  appeared  exactly  similar 
to  check  tubes.  This  resistance  of  certain  spores  raises  the  question 
whether  these  spores  are  especially  heat  resistant  due  to  protoplasmic 
properties  and  whether  the  growing  of  these  would  give  a  heat  resistant 
strain.   This  unfortunately  could  not  be  followed  io  a  conclusion. 

Relation  to  Light: 

The  Influence  of  Sunlight: 

Three  plates  of  commeal  agar  were  poured  using  exuding  spores  from 
a  pure  culture.  Two  plates  were  exposed  to  the  sun  for  three  hours. 
After  three  days  colonies  were  in  evidence,  with  no  perceptible  difference 
in  growth  of  exposed  plates  and  check.  Five  inoculations  were  made  on 
young  tomato  plants  and  exposed  to  the  sun  from  11:00  A.  M.  to  2:00 
P.  M.  Five  inoculations  were  made  as  checks.  The  inoculated  plants 
developed  typical  infection,  showing  that  for  a  i)eriod  of  at  least  three 
hours  the  sun  had  no  effect  upon  the  development  of  the  organism.  This 
verified  the  results  obtained  by  exposing  the  spores  in  poured  plates  of 
cornmeal  agar  for  the  same  length  of  time. 

Comparison  of  Growth  in  Light  and  Dark : 

Fourteen  tubes  of  nutrient  glucose  agar  were  inoculated  with  exud- 
ing spores  from  a  culture  upon  tomato  agar.  Seven  tubes  were  wrapped 
in  black  paper  (such  as  is  used  to  cover  photogra|)hic  ^m^Qg^^ese 
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were  placed  in  a  closed  tin  vessel  and  with  the  checks  were  placed  in  a 
dark  corner  of  the  room.  After  seven  days,  examination  showed  no  dif- 
ference excepting  those  in  the  light  developed  aerial  mycelium.  This 
was  absent  in  the  tubes  which  were  covered. 

It  has  been  mentioned  above  (page  17)  that  in  the  experiment  dealing 
with  the  growth  of  the  organism  on  various  media,  Series  1,  was  placed 
in  the  greenhouse  under  the  plants  which  were  severally  attacked  by  the 
disease.  Series  2  was  in  the  ice  box.  Series  4  on  shelf  in  the  laboratory 
window  and  Series  5  in  laboratory  but  in  diffused  light.  The  results  in- 
dicated that  these  series  were  indistinguishable  in  their  development. 

Kelation  to  Oxygen: 

It  was  mentioned  also  (page  17)  that  the  experiment  was  carried  on 
in  triplicate,  one  of  which  was  sealed.  When  these  were  examined  it 
seemed  that  some  tubes  showed  exactly  similar  development  to  the  un- 
sealed while  others  of  the  sealed  tubes  indicated  a  very  scanty  growth. 
This  incongruity  was  explained  when.it  was  found  that  every  "sealed" 
tube  which  appeared  similar  to  the  unsealed  tubes  had  developed  small 
pin  holes  in  the  sealing  wax.  While  conclusions  can  hardly  be  drawn 
from  such  an  accident  it  may  be  well  to  note  that  there  was  no  grada- 
tion from  tlie  sealed  to  the  unsealed;  the  pin  holes  evidently  serving  as 
eflSciently  for  the  air  supply  or  circulation  as  the  larger  and  loose  cot- 
ton plugs.  In  the  tubes  which  were  competely  sealejl,  slight  develop- 
ment was  evident,  but  no  pycnidia  were  observed. 

Dissemination: 

The  connection  of  the  organism  to  some  ascomycete  is  commonly  postu- 
lated. This  postulate  receives  support  from  analogy  with  other  Sep- 
torias  (Klebahn,  1908).  Potebnia  (1910,  p.  167)  has  expressed  the  opin- 
ion that  the  viability  of  conidia  of  a  Septoria  after  wintering  indicates 
loss  of  the  ascomycetous  stage.  This  certainly  finds  no  substantiation 
in  other  ascomycetous  life  cycles,  and  is  not  sufficient  ground  for  elimi- 
nation of  the  possibility  of  the  possession  of  an  ascus  stage.  Attempts 
were  made  to  find  this  hypothetical  ascomycetous  form,  but  were  un- 
successful. Affected  leaves  were  buried  at  various  depths  in  the  ground, 
November,  1913.^  ,A  careful  examination  of  this  material  in  March, 
April,  and  May,  1014,  failed  to  reveal  an  ascus  form.  Old,  diseased 
stents  from  the  previous  year's  crop  were  examined  with  negative  re- 
sults. Dried  pure  cultures  on  cornmeal  were  examined,  revealing  no 
perfect  stage. 

It  is  noteworthy  that  on  the  wintered  stems  and  leaves  a  remarkable 
increase  in  the  fungus  thallus  had  occurred,  forming  a  conspicuous 
stroma,  in  which  the  pycnidia  were  immersed,  without  however,  the  loss 
of  identity  of  the  pycnidial  walls.  Statements,  without  citation  of  ex- 
perimental work,  have  been  made  that  the  fungus  lives  over  on  the 
I  rash,  (Cook,  1913,  Stuckey,  1915),  and  on  greenhouse  frames  and  sashes 
(Gtissow,  1908).  Spores  from  pycnidia  found  upon  wintered  over  vines 
were  put  in  Van  Tieghem  cells.  Ten  per  cent  of  the  spores  showed  ac- 
tive germination.    It  cannot  be  definitely  affirmed  that  this  is  the  only 

'Two  pieces  of  wire  mesb  (4  mm.)  12  inches  square  were  used  for  this  purpose.  These  were 
lined  with  a  thin  layer  of  cotton  which  was  thinly  covered  with  fine  sand.  Infected  leaven 
and  stems  showing  abundant  pycnidia  were  placed  between  these  wires.  This  was  submerged 
In  a  sandy  loam  soil  near  the  greenhouse  at  an  angle  of  30**  with  the  surface  of  the  soil, 
the  top  slightly  projecting,  exposing  about  3  inches  of  the  wires.  r^r^r-^]r> 
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source  of  infection  in  the  field.  The  possibility  that  Septoria  lycoper- 
sici  may  have  some  ascomycetous  stage  must  necessarily  hold  in  abey- 
ance the  problem  of  primary  infection.  It  is  very  probable  that  part  of 
the  infection,  at  least,  is  produced  by  pycnidia  in  the  old  trash.  The 
greenhouse  or  hot  bed  in  which  young  jdants  are  grown  is  an  important 
source  of  infection.  Sei»ds  are  planted  under  glass  thm?  or  four  weeks 
before  they  are  set  out  in  tlie  field.  .  Allowing  five  days  for  germina 
tion  and  appearance  of  the  cotyledon  there  is  a  period  of  nearly  three 
weeks  in  which  the  fungus  may  spread.  As  has  been  shown  the  period 
from  the  time  of  inoculation  until  the  time  of  spore  formation,  is  on  the 
average  13  days  und€*r  favorable  conditions.  Thus  at  least  one  second- 
ary infection  is  possible  after  the  primary  infection.  This  infection 
usually  shows  as  a  series  of  spots  about  the  older  spot  and  is  doubtless 
due  to  the  floating  out  of  spores  from  the  exudations  of  the  first  formed 
pycnidia.  Because  of  the  comparatively  long  period  between  inoculation 
and  spore  formation,  leaves  are  frequently  found  with  large  blotches  and 
comparatively  few  pycnidia.  These  blotches  with  only  a  few  pycnidia 
might  be  mistaken  for  the  lesions  of  Alteriiwria  solam. 

The  diseased  cotyledons  soon  fall  otf  and  the  plants  are  seemingly 
clean  but  a  latent  colony  may  be  present  on  the  leaves. 

Numerous  instances  have  been  re])orted  of  the  appearance  of  the  dis- 
ease in  greenhouses  in  which  tomatoes  have  never  grown  before.  This 
indicates  the  possibility  of  transferrence  of  the'  fungus  on  the  seed. 
Washings  from  tomato  seeds  have  been  centrifuged  and  examined  re- 
peatedly without  successful  results  although  the  spore  is  characteristic 
enough  to  enable  recognition. 

It  is  believed,  however,  that  the  main  source  of  infeclion  is  the  trash 
from  a  previous  tomato  cmp.  It  has  been  repeatedly  demonstrated  that 
rotation  of  crops  diminishes  the  severity  of  Leaf-spot.  If  the  infec- 
tion came  principally  from  the  greenhouse,  this  rotation  could  hardly 
be  so  effective. 

The  agencies,  aside  froni  man,  by  which  transferrence  takes  place  are 
nminl}'  water,  and  wind.  The  matrix  in  which  the  exuding  spores  are 
embedded  holds  the  spores  \i\)ou  drying.  These  spores  can  be  released 
only  when  soaked  and  in  this  condition  tiiey  may  be  w^ished  down  by 
dew  or  rain.  In  culture  pycnidia  with  exuding  spores  have  retained 
those  masses  for  a  period  of  15  months  without  dislo<lgment  or  germina- 
tion. After  this  time  tomato  ])lants  were  inoculated  with  a  susi)ension 
of  spores  and  typical  infection  resulted.  The  matrix  may  have  more  or 
less  of  an  inhibitory  elTect  on  the  spcnvs.  A  mass  of  spores  from  a  newly 
formed  exudate  was  placed  in  hanging  drops  but  no  germination  result- 
ed. Yet  this  retardation  of  germination  may  be  due  to  the  etfects  of  the 
spores  on  each  other,  a  condition  strikingly  illustrated  in  heavily  seeded 
plates.  (Stevens  and  Uall,  1909). 

The  dew  washes  or  floats  the  spores  about  on  the  leaf.  This  causes  the 
secondary  infection  which  has  been  described.  A  large  number  of  spots 
on  the  leaf  usually  do  not  develop  pycnidia  before  the  leaf  dies  and 
shrivels  up.  However,  this  dead,  dried  leaf  which  falls  to  the  ground, 
if  kept  at  all  moist,  has  been  found  to  develop  mature  pycnidia  and 
exude  spores  niore  profusely  than  upon  the  living  plant. 

The  important  agency  in  dissemination  is  the  splashine^pf  the, rain. 
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The  rain  may  carry  the  spores  from  the  old,  diseased  leaves  on  the 
ground  to  the  healthy  leaves  above,  or  from  the  diseased  leaf  to  the 
leaves  surrounding  it.  It  will  be  recalled  that  in  staked  tomatoes  the 
disease  ])rogresses  upward  beginning  at  the  lower  leaves.  It  is  a  signi- 
ficant fact  that  the  s[)ols  on  the  lower  leaves  are  large,  indicating  infec- 
tion from  the  lower  surface,  while  the  top  leaves  show  the  characteris- 
tics of  npper  leaf  surface  inoculations. 

The  relation  to  water  was  demonstrated  in  the  greenhouse.  Twelve 
plants  were  grown  and  staked.  The  cotyledons  of  these  plants  were 
diseased.  These  were  not  removed  and  were  allowed  to  fall  off.  The 
plants  were  watered  from  above  twice  every  twenty-four  hours.  After 
two  weeks  all  the  lower  leaves  developed  tyf»ical  leaf  spot.  Two  weeks 
following,  these  lower  leaves  developed  a  number  of  secondary  spots  and 
were  beginning  to  shrivel  and  dry  up.  The  leaves  above  these  were  in 
about  the  same  stage  as  the  first  leaves  two  weeks  before.  The  disease 
spread  rapidly  progressing  upward  on  the  vines.  When  the  disease  had 
advanced  about  '\  feet  above  the  soil  level,  10  healthy  tomato  plants 
were  transplanted  between  these  diseased  plants.  Watering  from  above 
was  discontinued,  being  replaced  by  careful  irrigation.  The  plants  set 
between  the  diseased  plants  did  not  develop  the  disease  even  after  twen- 
ty-five days.  Watering  from  above  was  now  resumed  and  in  six  days 
the  leaves  of  all  the  young  plants  were  covered  with  spots. 

This  experiment  determines  the  fact  that  the  spores  do  not  fall  or  float 
from  the  pycnidium  as  soon  as  produced  but  adhere  in  a  mass  until 
liberated  by  water.  Tn  answer  to  the  criticism  that  infection  did  not 
take  place  because  of  the  dryness  of  the  leaves,  it  may  be  said  that  the 
greenhouse  was  always  humid  and  furnished  ideal  conditions  for  spore 
germination.  Ilie  experiments  already  reported  demonstrating  the  inde- 
pendence of  infection  and  humidity  also  renuive  any  objection  to  this 
interpretation  of  the  foregoing  experiment. 

The  wind,  as  an  agency  in  the  spreading  of  spores,  may  be  considered 
as  carrying  the  dust  which  contains  the  si)ores,  thus  inoculating  other 
plants.  The  spores  germinate  in  a  filtered  soil  infusion,  secondary 
spores  being  produced.  Viable  spores  have  also  been  found  in  the  soil 
about  diseased  plants.  However,  exi)eriments  ])erformed  to  determine 
the  development  of  the  organism  in  the  soil  yielded  negative  results; 
considering  that  exuding  spores  are  washed  down  on  the  soil  from  the 
diseased  leaves,  it  is  very  probable  that  the  dust  must  be  considered  as 
an  agency  for  dissemination  of  the  fungus,  limited  however,  by  the  length 
of  time  the  spores  can  stand  drying  and  the  disintegrating  action  of 
the  soil. 

In  this  connection  the  difference  in  type  of  infection  on  upper  and 
lower  leaves  may  be  significant.  The  lesions  on  the  lower  leaves  are 
of  the  type  to  indicate  infection  from  the  lower  leaf  surface.  It  is  easy 
to  conceive  that  the  top  leaves — especially  when  the  plants  are  staked 
— are  out  of  the  zone  reached  by  splashings  of  rain,  but  especially  open 
to  infection  brought  by  falling  dust  particles. 

That  man  is  an  agent  in  spreading  disease  is  very  evident.  In  cul- 
tivating the  plants  when  they  are  wet,  the  spores  are  transferred  to  all 
parts  of  the  field  by  the  machinery  coming  in  contact  with  the  sticky 
spore  masses  or  upon  the  clothing.    Instances  of  disseminatipn  in  this 


manner  have  been  observed. 
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MORPHOLOCiY  OF  CAT  SAL  ORGANISM. 

The  Spore: 

The  spores  of  the  Septoria  staf?e  are  filiform  aud  hyaline  varying  from 
60-120  microns  in  lenjjth  to  24  microns  in  thickness,  divided  into  from 
l\  to  9  cells.  The  thickness  of  a  spore  is  not  uniform  thronpjhout.  The 
shape  of  the  ends  varies  from  pointed  to  globose.    (Plate  8  Figure  1 ) . 

The  Mycelium: 

The  mycelium  of  this  fungus  is  composed  of  frequently  septate,  vacuo 
late  threads.  These  threads  have  a  diameter  of  from  2  microns  to  ^ 
microns.  The  mycelium  may  be  said  to  show  two  types — the  hyaline 
thin-walled  type,  and  the  dark,  closely-septate,  heavy-walled  type.  The 
former  predominates  during  the  vegetative  stages  of  the  growth  while 
the  latter  precedes  the  stroma  and  |>ycnidium  production.  The  character 
of  these  types  of  mycelium  is  brought  out  by  figures.  (Pis.  7  and  8). 

The  PycnUUum:' 

A  number  of  tubes  of  (4)mato  agar,  cornnieal  agar,  and  nutrient  glu 
cose  agar  were  inoculated  with  a  ]nire  culture.  A\  the  end  of  every  24 
houi*s  after  the  colony  was  visible  to  the  naked  eye,  material  from  these 
tubes  was  killed  in  Flemniing's  medium  fixing  fluid.  Material  was  killed 
on  successive  days  until  exuding  spore  masses  were  in  evidence. 

The  following  schedule  was  followed : 

Flemmlng'8  medium   24  hours 

Washed  in  running  tap  water   6  hours 

15%  Alcohol  15  minutes 

39%  Alcohol  30  minutes 

50%  Alcohol   1  hour 

70%  Alcohol  Over  night 

80%  Alcohol   2  hours 

96%  Alcohol   2  hours 

Absolute  Alcohol   2  hours 

\  Cedar  Oil  -  \  Absolute   1  hour 

I  Cedar  Oil  - 1  Absolute   1  hour 

Cedar  Oil   1  hour 

Cedar  Oil  ^ paraffin    6  hours 

Paraffin   2  hours 

Transferred  to  new  paraffin  (52°)  and  embedded  after  2  hours.  Some  sections  5  mm.  thick  were 
made.    Stains  used;  Flemming's  Triple,  Delafield's  haematoxylon,  Haldenhain's  haematoxylon. 

Continuous  efforts  were  made  to  obtain  results  with  Delaffeld's  haematoxylon  and  eosin  as  described 
by  Durand  (1911).  but  with  no  success.  Although  the  time  which  the  slide  was  immersed  in  eosin  was 
varied  from  2  seconds  to  6  minutes,  the  carbol  turpentine  was  inadequate  to  remove  the  excess  stain. 
Durand's  method  was  then  changed  in  a  single  particular  and  excellent  differentiation  resulted;  after 
immersing  the  slide  in  eosin.  the  excess  stain  was  washed  off  with  absolute  alcohol  for  a  second,  then  was 
immersea  in  carbol  turpentine  and  was  mounted  in  balsam.  The  result  was  that  the  mycelium  became 
a  deep  red  and  was  very  easily  distinguished  from  the  surrounding  tissue. 

As  a  result  of  a  study  of  a  culture  on  tomato  agar  after  62  to  96  hours, 
the  following  steps  in  pycnidium  formation  were  observed: 

The  mycelium  begins  to  anastomose  and  interweave,  becoming  brown- 
ed, resembling  a  closely  woven  net,  so  that  the  fungous  tissue  seems  to 
be  made  up  of  individual  cells  more  or  less  rounded  in  shape.  This  small 
oval  body  increases  in  size  while  the  surrounding  mycelium  sends  out 
branches  which  augment  this  globose  body.  This  enlarging  continues 
24-92  hours.  At  the  end  of  this  time,  the  pycnidium  consists  of  a  hol- 
low, globose  body,  without  an  ostiole,  and  is  100-375  microns  in  dia- 
meter, with  a  few  strands  of  mycelium  crossing  the  cavity  within.  (Plate 
5,  Fig.  1). 

Spore  formation  takes  place  in  the  same  manner  as  described  in  the 
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formation  of  the  secondary  spores,  except  that  no  definite  elongated  pro- 
jection that  might  be  considered  as  a  well  differentiated  conidiophore  is 
formed.  The  cells  that  give  rise  to  the  conidia  are  hyaline,  resembling 
the  peridial  cells  and  can  be  traced  to  the  brown  thread  from  which  they 
have  arisen.  Spores  are  produced  to  such  an  extent  as  to  burst  open  the 
peridium  at  its  weakest  point  and  form  an  exuding  spore  mass  some- 
limes  twice  as  large  as  the  pycnidium  from  which  it  arose.  Usually 
that  part  of  the  peridium  that  is  exposed  is  entirely  broken  up  by  the 
Hiass  of  spores.  Plate  4,  Fig.  1  illustrates  this  observation.  In  the  pyc- 
nidium shown,  (Plate  7,  Pig.  2),  the  weakest  point  of  the  wall  must 
have  been  submerged  in  the  agar  so  that  the  thick  part  of  the  wall  ex- 
posed to  the  air  remained  intact,  while  the  exuding  mass  forced  itself 
into  the  agar. 

However,  for  complete  elucidation  of  the  method  of  pycnidial  forma- 
tion of  this  fungus,  the  development  and  formation  of  the  fruiting  body, 
must  necessarily  be  studied  in  the  host.  Eight  plants  were  inoculated. 
After  three  days,  just  as  soon  as  the  infection  was  visible  as  a  small 
water-soaked  spot,  material  was  killed  in  Flemming\s  strong  medium. 
Material  was  killed  every  day  until  the  exudation  of  the  spore  masses 
began.  The  formation  of  pycnidia  and  spores  was  found  to  be  identical 
in  every  particular  to  that  described  for  agar  cultures.  The  develop- 
ment of  the  pycnidial  wall  takes  place  in  an  exactly  similar  i^anner  as 
in  artificial  media.  After  the  ^^balliug''  up  of  the  mycelium,  the  hollow 
case  grows  larger  and  larger,  after  which  the  spores  are  formed.  These 
same  sections  also  allowed  the  nature  of  the  forces  acting  on  the  pycni- 
dium to  form  the  ostiole  to  be  definitely  determined.  Due  to  the  rela- 
tion of  the  pycnidium  to  the  surrounding  tissue,  the  mature  pycnidium 
finally  comes  to  possess  a  more  or  less  broad  ostiole  as  has  been  pointed 
out  by  previous  investigations.  The  steps  in  its  origin  seem  to  be  as 
follows: 

Soon  after  the  pycnidium  begins  to  form,  two  forces  are  in  evidence: 

1.  That  brought  about  by  the  enlargement  of  the  pycnidium. 

2.  That  brought  about  by  the  shrinking  of  the  adjoining  tissues  of 
the  leaf  (a  condition  which  can  be  readily  seen  with  the  unaided 
eye).  The  enlargement  of  the  pycnidium  may  cause  a  rupture  of 
the  epidermis  of  the  host  by  an  upward  pressure  or  if  the  fruit- 
ing body  be  completely  embedded  within  the  leaf  tissue,  there  is 
no  rupture  of  the  epidermis. 

While  this  fungous  wall  (only  3-5  cells)  is  pushing  itself  outward,  the 
surrounding  tissue  is  beginning  to  shrink  due  to  the  activity  of  abund- 
ant mycelium  in  the  surrounding  tissue  of  the  latter,  while  the  epider- 
mis which  had  previously  remained  attached  to  the  top  of  the  i)ycnidium, 
begins  to  exert  a  dismembering  force  on  all  sides  of  the  pycnidium.  The 
great  excess  of  this  tension  over  the  strength  of  the  wall  results  in  the 
pulling  apart  of  the  pycnidium  and  the  formation  of  the  so-called  **os- 
tiole."  (Plate  7  shows  this  very  clearly.)  Along  with  this,  the 
pressure  of  the  spore  mass  no  doubt,  contributes  to  the  rupture  by  its 
action  at  the  point  of  greatest  tension.  In  event,  however,  the  pycnid- 
ium is  formed  within  the  tissue  so  that  it  does  not  protude  above  the 
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surface  of  the  leaf,  or  as  in  many  cases  only  slightly,  with  the  peridium 
remaining  intact,  the  only  factor  entering  into  the  forming  a  "broad  os- 
tiole"  is  this  pressure  of  spores.  Spores  begin  to  form  after  the  peridiwm 
has  developed  exactly  as  they  are  produced  in  culture  (see  above).  As 
soon  as  one  spore  is  formed  another  arises  from  the  undifferentiated 
hymenial  layer.  In  such  a  manner,  spores  are  produced  in  great  abund- 
ance until  they  ctmiplelely  fill  this  ])ycnidium.  This  mass  of  spores 
becoming  larger  and  exerting  a  gradually  increasing  force  u])oii  the  thin 
0-5  celled  wall,  suddenly  hrrakft  through  this  pycnidial  wall  at  the  point 
of  least  resistance.  This  ])oint  of  course  is  usually  the  jmrt  of  the  pyc- 
nidium  nearest  the  upper  or  lower  e]»idermis  of  the  leaf.  At  no  time 
has  a  definite  pre  formed  ostiole  been  observed  in  culture  or  in  the  leaf. 
In  culture,  the  mass  of  sp4)res  finding  the  weak  [)oint  in  the  pycnidium 
in  the  submerged  part  of  the  fruiting  body,  forces  itself  iuto  the  agar 
(Plate  7,  Fig.  2)  breaking  off  the  lower  half  of  tlie  wall,  the  remains  of 
which  were  easily  detennine<l.  It  will  be  recalled  by  those  who  have 
seen  various  Sphaeropsidales  in  culture  that  the  presence  4)f  an  ostiole 
can  often  be  clearly  distinguished  before  spore  exiidation.  The  entire 
pycnidial  fornuition  in  this  fungus  is  strikingly  different  from  that  in 
the  regular  ostiole-forming  ])ycnidia.  There  is  no  doubt  but  that  in  this 
matter  of  presence  or  absence  of  ostiole  we  have  a  phenomenon  which 
could  readily  be  made  of  taxonomic  significance.  (Von  Ilohnell  11)11). 

The  Name  of  th^  Cauml  Organism: 

Recently  Diedicke  (1912)  in  his  critical  revision  of  the  (lenus  t^ep- 
toria,  limited  this  genus  to  forms  whose  fruiting  layer  is  enclosed  in  a 
pseudo]>ycnidial  case,  which  is  ecpiippeil  with  a  more  or  less  br(»ad  open- 
ing. This  work  was  strongly  confirmed  by  the  i)reviously  published 
work  of  Klebahn  (1908)  and  Potebnia  (1910).  At  this  point  the  work 
of  Potebnia  may  be  cited  rather  fully. 

In  a  chapter  on  Septoria,  Phleospora,  and  Khabdospora  he  writes, 
'  These  three  genera  were  in  general  placed  with  the  Sphaenjpsidales, 
while  in  Saccardo's  Sylloge  (III,  577;  XI,  :{9S;  XXI,  975)  the  jMisition 
of  the  genus  Phleospora  is  not  determined  and  is  placed  with  both  the 
fc^phaeropsidales  and  the  Melanconiales.  Those  sj)ecies  behmging  here 
which  were  studies  by  me  show  that  the  three  genera  are  closely  related 
and  properly  do  not  constitute  typical  Sj^haeropsidales  Hirms,  because 
the  fruitihg  bodies  are  not  built  as  typical  j>ycnidia.  The  commonly 
tender  wall  of  the  fruiting  body  consists  of  a  network  of  hyphae,  which 
lines  the  cavity  in  the  leaf  tissue  made  by  the  destroying  activity  of  the 
fungus.  Such  fruiting  bodies  are  named  "Pseudopycnidia.''  The  de- 
velopment on  artificial  substrata  in  the  majority  of  species  of  the  thi*ee 
genera  studied  is  in  agreement.  At  first  the  (*onidia-forming  mycelium 
is  produced,  then  there  arise  the  "Klum])en''  or  "Hallen,"  in  which  Kle- 
bahn has  shown  for  Phleospora  ulmi,  pycnidia  (Septoria  t)r  Phleospora), 
and  micro[>ycnidia  (Phyllosticta)  are  formed." 

So  firmly  convinced  is  Diedicke  (1912)  of  the  potency  of  this  dis- 
tinguishing characteristic  and  of  its  taxonomic  inijiortance,  that  he 
would  exclude  all  forms  lacking  this  pseudopycnidium  from  what  he 
considers  true  Septorias.  This  he  has  already"  done  with  at  least  two 
species.    Diedicke  would  put  the  forms  possessing  Phouia-like  pycnidia 
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into  the  genus  Rhabdospora.  Thus  in  this  classification  the  limits  of 
Rhabdospora  are  circumscribed,  and  the  old  distinction  emphasized  by 
AUescher  (1901).  The  occurrence  on  stems  as  contrasted  with  Sep- 
torias'  occurrence  on  leaves,  is  discarded.  Recent  work  on  the  Sphaerop- 
sidales  has  proved  the  highly  artificial  character  of  this  distinction. 
(Hedgcock,  1904,  Harter,  1914). 

The  writer  is  wholly  in  accord  with  revisions  of  ohl  genera  when  such 
revisions  are  based  upon  comparative  morphological  work  with  adequate 
materials.  Adequate  materials  must  be  taken  to  mean  fresh  material 
from  the  host  and  from  cultures  rather  than  the  fragmentary,  dry  ma- 
terial from  exsiccati.  Hand  sections  from  their  very  meagerness  and 
uncertainty  cannot  be  relied  upon.  Without,  at  i)resent,  going  into  the 
merits  of  the  case,  this  paper  records  the  strong  difference  of  morphology 
in  Septoria  lycoperBici  from  that  found  in  certain  other  Septorias,  (Po- 
tebnia,  1910;  Diedicke,  1912;  and  others). 

If  the  name  Septoria  is  to  be  applied  to  forms  having  psendopycnidia, 
then  a  new  genus  must  be  provided  for  the  tomato  organism.  At  pres- 
ent more  than  25  Septorias  are  being  investigated  in  a  similar  manner 
to  that  described  in  this  organism,  and  decision  is  withheld  pending 
these  studies.   Accordingly  the  old  genus  name  is  retained. 

Tfie  Species  Name: 

Spegazzini  (1882)^  tirst  found  the  fungus  in  Argentina,  South  Amer- 
ica. The  Italian  investigators  noted  a  discrepancy  in  the  description  as 
applied  to  the  Italian  form,  for  Briosi  and  Cavara  (1889)  in  their  de- 
scription of  the  fungus,  state:  *^The  leaves  of  the  tomato  attacked  by 
this  fungus  show  very  numerous  roundish  or  oblong  spots,  yellowish  or 
ash  colored  with  a  thin  darker  margin.  Perithecia  appear  on  the  upper 
surface.  There  also  are  found  some  on  the  lower  surface  of  the  leaf.'' 
*'The  peritheeia  are  immersed  in  the  tissue  of  the  leaf,  and  have  globose 
form,  sometimes  somewhat  depressed,  and  liave  a  parenchymatous  wall, 
thin  and  olivaceous  in  color,  and  possess  a  broad  ostiole.  The  spores  es- 
cape in  an  agglutinated  nuiss,  and  are  of  various  lengths."  (On  the  ac- 
companying drawing  the  si)ore  measurements  are  given  as  40-120  x  2-3 
microns). 

'*This  parasite  causes  great  injury,  and  attacks,  according  to  Pas- 
serini,  not  only  the  leaves  but  also  the  stem  and  fruits.  Furthermore, 
the  characters  which  it  showed  in  our  specimens  distinguished  it  some- 
what from  those  indicated  by  Spegazzini.  It  does  not  form,  as  the 
author  says,  great  spots  whicli  occupy  almost  the  whole  blade,  nor  are 
the  peritheeia  scattered  and  mostly  hyphophyllous  and  lenticular  or 
hemispheric.  Whence  Passerini  observed  justly  in  his  recent  note,  *If 
it  is  not  a  species  entirely  distinct  from  Septoria  lycopersici  Speg.,  our 
form  would  at  least  be  a  form  or  local  variety,  varying  from  it  by  ex- 
ternal characters.' " 

In  view  of  these  observations,  Briosi  and  Cavara  named  the  leaf-si>ot 
in  their  locality,  Sept,  lycopersici  var.  Europaea, 

'*Spc{?azzlnrs  description  as  given  In  Saccardo  III,  p.  535,  Is  as  follows  : 
MacuUs  magnls  saepc  totum  folium  occupantibus,  sordlde  fuscoclnercscontibus,  subintle- 
terminatls;  peritheciis  sparsis  saeplus  hypophyllis,  lenticuIar-hemlsphaorUis,  promlnulis. 
atris,  membranacels,  contextu  parenchymatico,  ollvaceo ;  sporulls  baclllari-cylindracels,  bacil- 
ari-subclayulatls  majuscuUs,  70-110-3,  3-plurlseptatls,  utrinque  obtusluscule  attenuato- 
rotundatis,  hyallnis.   Hob.  in  foliis  langiildis  Solani  Lycopersici  in  hortls,  BocrHel^Riacffu^lo 
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Comparing  the  manifestations  of  the  disease  on  various  specimens 
from  different  localities,  it  was  observed  that  the  American  specimens 
agreed  closely  with  the  description  by  Briosi  and  Cavara.  Hence,  it 
would  seem  that  the  fungus  in  this  country  answ^ers  to  the  description 
8ept,  lycopersici  var.  Europaea. 

However,  observation  of  the  fungus  under  a  variety  of  conditions 
shows  that  there  is  not  enough  significance  in  the  minor  variations  in 
size  of  spot,  emphasized  by  Passerini  to  warrant  the  establishment  of 
the  variety. 

As  has  been  shown  (p.  15),  the  size  of  the  spot  formed  depends  upon 
the  number  of  spores  with  which  the  leaf  is  inoculated  as  well  as  upon 
which  surface  the  leaf  is  inoculated.  With  a  pure  culture",  in  experi- 
ments determining  the  pathogenicity  of  the  organism,  a  spot  involving 
the  entire  leaf  was  frequently  found.  Spores  from  the  same  pure  cul- 
ture produced  typical  round  spots  when  the  spore  suspension  was  fur- 
ther diluted.  Spots  arising  from  inoculation  on  the  upper  side  of  the 
leaf  are  much  smaller  and  darker  than  those  spots  produced  by  inocula- 
tion on  the  under  side  of  the  leaf.  In  the  field,  the  spots  were  very  vari- 
able in  size,  depending  upon  the  weather  conditions.  In  cooler  weather 
larger  spots  were  produced  than  in  hot  weather.  It  was  observed 
that  spots  formed  in  the  secondary  infection  were  much  larger  than  in 
the  primary  infection.  Spots  with  hypophyllous  pycnidia  were  very 
common,  both  epiphyllous  and  hypophyllous  pycnidia  being  usually 
found  in  the  same  spot.  However,  as  a  rule,  the  pycnidia  are  on  the  up- 
per side  of  the  leaf.  Microscopical  examination  of  large  numbers  of 
prepared  slides  showed  all  graduations  from  lenticular  to  globose  pyc- 
nidia. 

These  observations  are  merely  mentioned  at  this  point  to  indicate 
that  the  activities  of  the  fungus,  affected  by  environmental  conditions, 
cause  manifestations  sufficiently  varied  so  that  peculiarities  of  the  les- 
ion, which  may  be  only  functions  of  the  intensity  of  attack,  can  hardly 
be  sufficient  basis  for  the  formation  of  a  new  species  or  variety.  Such 
a  segregation  to  be  valid  would  need  to  be  based  on  carefully  controlled 
conditions  of  the  host  and  fungus. 

The  Exsiccati  specimens  accompanying  the  description  by  Briosi  and 
Cavara  were  examined  and  could  not  be  distinguished  from  specimens 
from  American  localities. 

The  only  part  of  Spegazzini's  description,  then,  which  does  not  coin- 
cide with  the  manifestations  as  observed  in  this  country  is  that  the  pyc- 
nidia are  *^most  frequently"  hypophyllous.  Whether  this  is  evidence 
that  a  different  species  or  variety  exists  here  is  a  question  which  is  yet 
to  be  settled. 

If  there  is  sufficient  evidence  that  the  fungus  in  Argentina  is  distinct, 
then  it  follows  that  we  must  necessarily  have  a  name  for  the  form  found 
here. 

The  important  point  that  must  be  noted  is  that  regardless  of  nomen- 
clature, the  form  in  Europe  seems  identical  morphologically  with  that 

•In  this  paper  all  the  work  was  done  with  the  progeny  of  a  single  spore  isolated  as  described 
oa  page  12. 

^^Material  has  been  sent  to  Spcgazzlnl  for  comparison  with  his  type  material,  and  with  the 
organism  as  now  found  in  Argentina. 
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found  in  this  country.  This  must  be  recognized  in  all  discussions  of  ex- 
periments performed  by  European  investigators  with  this  fungus. 

Pending  a  comparison  of  the  Septoria  Leaf-spot  from  Argentina,  the 
specific  name  ^^lycopersici'^  is  used. 

RELATION  OF  FUNGUS  TO  HOST. 

Morbid  Anatomy: 
The  Spore  on  the  Host : 

In  order  to  follow  the  course  of  infection,  inoculations  were  made  on 
a  number  of  plants.  The  epidermis  was  stripped  off  from  the  inoculated 
leaves  at  intervals  of  6-12-24-36-48  hours.  Examination  showed  germi- 
nating spores;  at  the  end  of  48  hours  these  appeared  similar  to  spores 
in  culture.  (See  p.  15).  The  great  number  of  spores  lengthened  and 
grew  from  both  ends.  This  was  soon  followed  by  germ  tubes  arising 
from  various  points  on  the  spore.  The  type  of  infection  is  stomatal. 
(See  Plate  4,  Fig.  2).  "the  mycelium  may  immediately  enter  a  stoma. 
The  spore  in  making  its  primary  terminal  growth  in  germination  may 
enter  the  stoma,  or  if  the  mycelium  does  not  come  in  contact  with  stoma 
immediately,  the  germ  tube  may  branch  and  grow  over  the  surface  until 
it  strikes  a  stoma.  No  chemotacfic  action  leading  to  the  finding  of  the 
stomata  seemed  to  be  manifested. 

Mycelium  and  Tissues: 

Infection  may  occur  on  both  sides  of  the  leaf.  Careful  study  of  the 
two  types  of  infection  were  made  in  the  various  experiments  when  in- 
fection was  desired.  It  was  noted  that  when  spores  were  placed  on  the 
upper  surface  of  the  leaflet,  infection  was  manifested  in  small,  narrow 
spots  with  from  one  to  five  pycnidia;  the  infection  being  more  or  less 
confined  to  the  midrib  and  veins  of  the  leafiet.  Infection  produced  by 
placing  the  spores  on  the  lower  side  of  the  leaflet  resulted  in  a  broad, 
spreading  spot,  and  resembled  for  the  greater  part,  field  infection  of  the 
lover  leaflets,  spots  forming  at  all  points  of  the  leaflet.  This  was  veri- 
fied by  using  one  standard  loop  of  spore  suspension  for  inoculation  on 
the  upper  and  lower  surface  of  leaflet,  respectively. 

Haustoria : 

Immediately  on  entering  the  stoma,  knob-like  haustoria  developed 
(See  Plate  6,  Fig.  2).  These  may  be  formed  at  once  upon  entering  if 
f  he  mycelium  touches  the  cell  wall.  By  enzymic  action,  the  haustorium 
merely  dissolves  the  cell  wall,  but  does  not  penetrate  deeply  into  the 
cell.  A  gradual  shrinking  of  the  pierced  cells  results.  The  mycelium 
grows  luxuriantly  through  the  leaf,  making  its  greatest  growth  in  the 
s])ongy  tissue.  At  the  end  of  five  days  the  tissue  is  partly  disintegrated 
and  pycnidia  begin  to  form.  The  mycelium  commences  to  ball  up  and  en- 
large. 

The  mycelium  is  not  confined  to  the  disintegrating  tissue.  It  is  found 
in  abundance  through  the  tissue  contiguous  to  the  spot,  in  most  cases 
terminating  at  the  tracheary  cells.  In  this  outside  tissue  the  cell  rela- 
tions are  similar  to  the  cells  at  the  point  of  initial  infection  after  the 
mycelium  had  grown  for  four  days. 

The  period  from  the  fifth  to  the  thirteenth  day  after  inoculation  is 
characterized  by  the  gradual  shrinking  and  blackening  of  the  tissues. 
From  the  half -submerged  pycnidia  the  spores  ooze  out.  The> white  ^pore 
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masses  are  similar  to  those  produced  in  culture.  They  arise  in  a  spiral 
form  when  the  opening  is  small.  When  tlie  opening  is  large,  they  re- 
semble those  in  culture.  The  leaves  do  not  suffer  severely  from  the  pri- 
mary infection.  When  two  or  three  spots  are  present  on  a  leaflet,  it  be- 
gins to  droop  and  the  entire  leaflet  turns  yellow.  When  the  spores  from 
these  spots  have  been  washed  to  all  ])arts  of  the  leaf  by  the  dew  or  rain, 
infection  may  again  take  place  and  the  spots  appear  just  as  the  leaf 
shrivels  up  and  dries.  If  the  spores  are  present  in  abundance  the  leaf 
will  die  after  the  first  infection,  if  a  large  number  of  spots  are  formed. 

This  condition  is  usually  present  w^hen  the  tomatoes  are  allowed  to 
run  over  the  ground.  The  first  condition  is  more  typical  of  staked  to- 
matoes. The  reduction  of  the  photosynthetic  area  of  the  plant  impover- 
ishes it  and  reduces  the  quantity  of  fruit  produced.  The  fungus  attacks 
old  and  new  leaves  alike,  but  due  to  the  incubation  yyeriod  of  five  days, 
a  vine  that  was  almost  completely  defoliated  will  have  a  small  tuft  of 
terminal  leaves. 

Mo7'J)id  PhysMogy: 

The  causal  organism  in  its  attack  on  the  leaves  eventually  produces 
defoliation  and  the  eff'ect  of  this  is  evident,  not  only  in  the  size  of  the 
crop,  but  upon  the  character  of  the  fruit  produced.  There  is.  however, 
a  period  when  the  leaves  are  spotted  but  not  otherwise  affected,  and 
then  follows  a  period  in  which  the  spots,  while  not  enlarging,  evidently 
influence  the  plant,  causing  a  yellowing  of  the  adjacent  tissue. 

Work  by  Galloway  fl80G)  with  a  rust  of  pine  seemed  to  indicate  that 
the  cause  of  the  vast  disturbance  of  the  pine  leaves  followed  by  leaf  cast 
was  due  to  the  excessive  water  loss  which  took  place  from  the  rifted 
epidermis.  This  conclusion  is  wari'anted  from  his  readings.  Moreover, 
the  whole  biology  of  the  evergreen  needle  seems  to  indicate  that  it  may 
be  especially  susceptible  to  a  transpiration  shock  such  as  must  result 
from  a  strongly  perforated  e])idermis;  but  in  the  tomato  disease  the 
epidermis  remains  intact  and  the  yellowing  proceeds  very  slowly  and 
the  leaves  do  not  manifest  the  characteristics  of  transpiration  shock. 
Moreover,  the  recent  work  by  Reed  and  his  associates,  Cooley  (1913) 
and  Orabill  (1915),  on  Gymnosporangium  raises  important  questions. 
These  investigators  did  not  find  an  acceleration  of  transpiration  from 
diseased  tissue. 

The  conclusions  of  Reed  could  not  be  used  directly  for  the  fungus  un- 
der discussion  due  to  the  strikingly  different  habit  on  the  host.  Rusts 
are  known  to  conserve  the  tissue  of  the  host,  at  least  until  after  fruit- 
ing, while  with  this  fungus  the  host  cells  attacked  were  killed  in  a  very 
few  days  and  previous  to  fruiting  body  formation. 

An  experiment  was  conceived  which  would  aim  to  determine  the  in- 
fluence of  the  disease  upon  transpiration.  Due  to  the  ease  with  which 
the  tomato  plant  is  infected  by  this  fungus,  and  also,  because  of  the 
general  structure  of  the  tomato  plant,  the  experiment  was  possible  on  a 
larger  scale  than  has  ever  been  used  in  similar  investigations.  Twenty - 
two  tomato  plants  were  grown  under  identical  conditions  in  the  Botan- 
ical gi-eenhouse  from  seed  of  Earliana  variety.  The  soil  of  the  pots  was 
sifted  twice  before  being  placed  in  these  receptacles  and  was  saturated 
but  not  water-logged.   The  pots  were  prepared  as  follows : 

A  number  of  stiff  one-pound  cheese  cartons  (up^r  dia^^^lJ^^m., 
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bottom  7  cm.)  were  arranged  to  serve  the  same  office  as  the  aluminum 
shells  used  in  the  plant  physiological  laboratory.  The  lower  third  was 
cut  off  and  the  top  portion  fastened  to  Petri  dishes  with  paraffin.  After 
the  paraffin  had  hardened,  more  melted  paraffin  was  poured  into  the 
dish  and  the  pot  containing  the  plant  was  set  into  this  paraffin  before 
it  hardened.  Holes  were  made%in  the  covers  for  the  stem  and  corks. 
(Plate  8,  Fig.  2).  The  transpiration  performance  of  the  plants  was 
observed  for  a  period  of  five  days.  May  2nd  to  6th,  inclusive,  loss  of 
weight  being  made  up  daily.  At  the  end  of  this  time,  the  number  of 
leaves  ranged  from  four  to  seven  with  leaflets  on  each  leaf  varying  from 
three  to  seven. 

Inoculations  were  made  by  placing  two  loopfuls  of  a  pure  culture  sus- 
pension upon  the  lower  surface  of  each  alternate  leaflet  of  eleven  plants. 
The  other  plants  were  held  as  checks.  The  checks  and  inoculated  plants 
were  kept  in  a  moist  chamber  for  a  period  of  four  days  to  insure  strong 
infection.^^  This  was  the  only  interval  in  which  no  weighings  were  tak- 
en, otherwise  every  twenty-four  hours  from  May  2nd  to  May  20th,  weigh- 
ings were  made  and  water  added  to  bring  back  the  original  weight  ex- 
cept that  on  May  12th,  ten  extra  c.  c.  were  added  to  each  plant  to  allow 
for  the  increase  in  growth. 

In  order  to  determine  the  increase  in  leaf  area  from  the  time  of  inocu- 
lation to  the  time  of  cessation  of  the  experiment,  the  following  method 
was  employed.  By  means  of  an  adjustable  glass  plate  and  a  tungsten 
light,  prints  were  made  on  contrast  paper  (Cyko)  of  each  leaf  on  every 
plant.  These  were  developed  and  fixed  in  the  usual  manner.  This  was 
done  just  before  inoculation,  and  immediately  after  the  last  reading  on 
May  20th.  By  means  of  a  planimeter,  the  area  of  the  prints  at  various 
periods  was  obtained. 

The  disease  was  severe  enough  to  cause  the  death  of  approximately 
two-thirds  of  the  tissue  of  every  leaflet  inoculated.  The  tabulated  data 
indicate  the  weighings  and  water  added  during  the  performance  period 
when  no  plants  were  inoculated,  and  the  last  six  days  when  11  of  the 
plants  were  infected.^^  This  gives  the  data  as  to  the  amount  of  trans- 
piration from  the  time  that  infection  was  visible  to  the  first  signs  of 
general  yellowing  (break  down)  of  the  leaves.  Tt  is  particularly  neces- 
sary to  bear  in  mind  this  point  since  this  experiment  was  concerned 
only  with  the  spots  formed  by  the  fungus  and  not  with  the  secondary 
yellowing  of  the  leaf  which  follows  infection. 

TABLE  4.— TRANSPIRATION  OF  HEALTHY  AND  DISEASED  PLANTS:    TEST  BY 
WEIGHING  PLANTS  AND  MEASURING  LEAF  SURFACE. 


Performance  record  for  first 
5  days  of  experiment. 


Condition 
of  plant. 

1 

Av.  area  I  Av.  dally 
(1)  in  sq.  I  transpira- 
meters.    |  tion. 

1 

Trans- 
piration 

per  sq.  m. 

per  hour. 

Av.  area 
(2)  in  sq. 
meters. 

Av.  daily 
transpira- 
tion. 

Trans- 
piration 

per  sq.  m. 

per  hour. 

Area 
2+1. 

Healthy  thniout. . 
Inoculated  after 
first  5  days  

• 

.00862 
.00904 

13. 
13.1 

62.8 
60.3 

.02376 
.02214 

32.67 
30.0 

56.03 
58.2 

2.47 
2.88 

Performance  records  of  checks 
and  diseased  for  last  6  days. 


*>At  that  time  the  Independence  of  moisture  and  Infection  was  not  known. 
"The  detailed  tables  are  given  in  Appendix,  those  given  in  the  text  bteing  snmmani 
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The  above  table  emphasizes  the  similarity  of  the  check  and  inoculated 
plants.  Starting  with  the  same  average  leaf  surface  and  same  transpira 
tion  per  unit  of  area,  even  after  more  than  ten  days  invasion  by  the 
fungus,  we  find  the  average  area  and  average  transpiration  approxi 
mately  the  same.   The  difference  in  growth  was  not  great. 

If  we  examine  the  individual  plants  we  are  struck  by  the  ranges  in 
each  of  these  relations;  but  careful  comparisons  will  show  that  no 
greater  variation  occurs  in  the  inoculated  plants  than  occurs  in  the 
check  plants.  Moreover,  both  sets,  before  the  inoculation  took  place, 
showed  a  similar  variability.  Our  experiments  cannot  hope  to  avoid 
errors  which  come  under  this  head.  The  number  of  plants  possible  for 
manipulation  is  so  few  in  comparison  to  the  number  needed  to  eliminate 
error  from  this  source,  that  it  can  hardly  be  hoped  that  experiments  of 
this  type  can  ever  be  entirely  free  from  this  factor.  The  following  points 
may  be  made: 

The  method  of  obtaining  the  area  eliminated  a  large  source  of  error 
commonly  present  in  area  determination.  The  method  of  obtaining  the 
amount  transpired  per  plant  was  accurate  to  at  least  y^,  gram,  if  not 
1-10  gram.  Moreover,  the  amount  used  is  an  average  of  several  readings. 
The  amount  transpired  per  unit  of  area  in  the  unit  of  time  is  very  sim- 
ilar in  each  average. 

Considering  that  in  the  inoculated  plants,  %  of  each  alternate  leaflet 
was  diseased,  we  have  the  striking  conditions  of  almost  identical  per- 
formance. 

Necessarily  the  interpretation  of  this  condition  affects  the  whole  ex- 
periment.  We  can  have  the  following  possibilities : 

(1)  Healthy  and  dead  areas  transpiring  alike. 

(2)  Dead  areas  allowing  more  evaporation. 

(3)  Dead  areas  hindering  water  loss. 

Were  the  first  case  true,  the  similarity  of  ratios  is  very  readily 
accounted  for,  but  then  the  death  of  the  leaf,  and  the  reduction  of  vital- 
ity must  be  explained  on  grounds  other  than  mere  water  loss. 

In  event  of  the  second,  the  yellowing  of  the  leaves,  the  leaf-cast,  etc., 
could  readily  be  attributed  to  excessive  water  loss.  Since,  however,  the 
ratios  of  transpiration  for  the  leaves  are  almost  the  same,  we  need  to 
postulate  a  repression  of  transpiration  from  the  living  areas. 

In  case  the  third  condition  were  true,  we  need  to  postulate  an  aug- 
mented evaporation  from  the  unaffected  portion  of  the  leaves,  and  at 
tribute  this  to  a  chemical  stimulation  perhaps,  from  the  by-products  of 
the  fungus. 

To  decide  which  of  these  conditions  really  existed,  the  following  ex- 
periment was  performed,  with  leaflets  in  early  stages  of  the  disease,  and 
with  leaflets  which  had  been  diseased  for  some  time.  Leaflets  showing 
a  few  well  defined  spots  were  attached  by  the  petiole  to  small  rubber 
tubes.  Other  parts  of  the  leaf  were  cut  away  and  the  cut  surfaces  cov- 
ered with  vaseline.  All  manipulations  of  attaching  leaf  to  the  rubber 
tube  were  carried  on  under  water.  The  rubber  tube  was  then  attached 
to  a  potometer  set  up  as  shown  in  diagram.  (Figure  2).  In  order  to 
have  conditions  of  humidity  and  temperature  constant,  the  work  was 
performed  in  an  enclosed  chamber  (approximately  2  feet<in  eachjdimen- 
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FlfiTure  2.    Diagram  of  potoiiieter  used  to  determine  if  dlHeased  spots  transpire. 

sion).  Three  Lambrecht  polymeters  were  placed  in  various  parts  of  the 
chamber  and  the  thermometers  and  hygrometers  were  read  at  each  read- 
ing of  water  loss.  The  day  was  rather  moist,  and  no  variation  occur- 
red during  the  experiment.  After  noting  the  transpiration  over  a  def 
inite  period,  the  diseased  spots  were  carefully  vaselined  on  both  sides; 
and  transpiration  was  noted  as  before.  The  following  results  were  ob- 
tained : 

TABLE  5.~TRANSPIRATION  OF  LEAFLETS  IN  EARLY  STAGES  OF  DISEASE: 
MEASUREMENTS  OF  AREAS  AND  DISEASED  SPOTS. 


Condition  of  leaflet. 


Area  of  1 
surface. 


Number  of 
spots  on 
leaflet. 


Diseased 
area  1 
surface. 


Per  cent  of 
leaflet 
diseased. 


I .    Leaflets  green;  spots  pliable 


1 .6  sq.  in. 
(by  planimeter) 


91  .054  sq.  in. 

6  .03  sq.  in. 
32  !  .192  sq.  in. 

7  .084  sq.  in. 


2.  Leaflets  green;  spots  pliable 

3.  Leaflets  green;  spots  pliable 

4.  Leaflets  green;  spots  pliable 


2.05  sq.  in.; 
2.4  sq.  in.  | 
2.3  sq.  in.  | 


Average 


4.8% 
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TABLE  6.— TRANSPIRATION  OF  LEAFLETS  IN  EARLY  STAGES  OF  DISEASE: 
PERFORMANCE  OF  POTOMETERS. 


Potometer 

Movement  of  bubble 
before  diseased  spots 
were  vaselined. 

Movement  of  bubble 
after  diseased  spots 
were  vaselined. 

Rate  (a). 

Rate  (b). 

Ratio  of 
water  of 
moveineiit 

b  -s-a. 

Time. 

spaces. 

Time. 

Spaces. 

Before 
(spaces 
per  min.) 

After 
(spaces 
per  min.) 

1  

2  

4  

33  min . 
83  min . 

40  min . 

41  min. 

9 
12 
22 

22.5 

123  min. 
74  min . 
103  min. 
114  min. 

27 
41 

29.5 
31 

.27 
,749 
55 
.54 

.22 
.51 
.19 
.27 

.81 
.70 
.35 
.60 

1 

.59 

 : 

TABLE  7.— TRANSPIRATION  OF  LEAFLETS  IN  LATER  STAGE  OF  DISEASE: 
MEASUREMENT  OF  AREAS  AND  DISEASED  SPOTS. 


Potometer . 

Condition  of  leaflet. 

6  

Leaflet  yellowed ;  spots  dry 
Leaflet  yellowed;  spots  dry 

6  

Area  of  1 

surface. 


1 .4  sq.  in. 
(by  planimeter). 

.5  sq.  in. 


1 

Number  of 
1    spots  on 
leaflet. 

Diaeitsed 
area  (1 
surface) . 

Per  cent  of 
leaflet 
diseased. 

1  16 

.192 

13% 

.08 

1«% 

TABLE  8. 


-TRANSPIRATION  OF  LEAFLETS  IN  LATER  STAGES  OF  DISEASE: 
PERFORMANCE  OF  POTOMETERS. 


Potometer. 

Movement  of  bubble 
before  diseased  spots 
were  va8elliiea. 

Movement  of  bubble 
after  diseased  spots 
were  va.seliiied. 

Tlnie. 

Spaces. 

Time.     '  Spaces. 

5  

42  min . 

2.5 

92  min.  '  5.5 

6  

39  min . 

7 

88  min.  13.5 

Rate  before 

(a) 
(space.s 
per  min.) 


Rate  after 
(b) 
(spaces 
per  min.) 


Ratio  of 
rates  of 
movement 
(b  -5-a). 


In  the  cases  where  the  leaflets  were  green  and  spots  pliable,  (Tables 
5  and  G),  the  decrease  in  rate  of  transpiration  after  the  vaseline  was 
applied  is  far  greater  than  the  mere  decrease  in  transpiring  surface 
would  warrant.  Although  the  spots  were  on  an  average  only  4.8  per  cent 
of  the  total  leaf  surface,  the  transpiration  was  cut  down  nearly  one- 
half  (.59)  by  vaseliniiig  the  spots.  This  indicates  that  in  early  cases  of 
attack,  the  diseased  spots  evaporate  more  than  the  healthy  portions. 

In  the  potometers  with  the  yellowed  leaves,  (Tables  7*  and  8),  there 
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was  little  or  no  transpiration  from  the  diseased  spots,  indicating  that 
with  complete  desiccation  and  shrinkage,  the  spots  are  cut  off  from  the 
water  supply. 

Of  the  three  possibilities  outlined  on  page  34,  the  experiment  points 
to  the  second  case  where  the  diseased  areas  transpire  more  and  the 
healthy  portions  of  the  leaflets  less,  but  the  writer  is  fully  aware  of  the 
meagreuess  of  his  data. 

IMMUNITY  PHENOMENA. 

\ 

Cross  Inoculations: 

The  following  plants  related  to  the  tomato  were  inoculated  by  plac- 
ing a  loopful  of  spore  suspension  from  a  pure  culture  on  various  leaf- 
lets.^^ 


Solanum  quinescens 
Capsicum  frutescens 
Nicotiana  tabacuin  (tobacco) 
Solanum  tuberosum  (potato) 
Solanum  villosum 


Within  five  days  the  potatoes  showed  definite  small  black  spots  on  all 
the  inoculated  leaflets,  while  the  check  leaflets  showed  no  infection.  None 
of  the  other  plahts  showed  any  spots. 

The  experiment  was  repeated  with  the  same  results.  Various  attempts 
to  find  pycnidia  in  the  infected  areas  of  the  inoculated  potato  leaves 
have  failed  in  these  preliminary  experiments.  This  is  a  most  interest- 
ing result  inasmuch  as  no  Septoria  has  been  described  ui>on  potato 
(Saccardo).  It  is  also  hard  to  explain  the  absence  of  such  a  record  in 
view  of  the  frequent  association  of  tomatoes  and  potatoes  in  the  field, 
unless  the  failure  to  produce  pycnidia  is  a  uniform  condition.  More  ex- 
tensive experiments  are  planned.  At  present,  it  is  important  to  note 
that  these  spots  were  obtained  by  merely  applying  the  spores,  not  injur- 
ing the  tissue  in  any  way.  The  importance  of  further  investigation  upon 
this  point  is  obvious. 

Susceptibility  of  Varieties: 

The  following  varieties  were  obtained  from  D.  M.  Ferry  &  ( 'o.,  Detroit, 
Mich.,  Vaughan  Seed  ( -o.,  Chicago,  Peter  Henderson  &  ('o..  New  York,  to 
whom  thanks  are  due: 


D.  Af.  Ferry  &  Co, 

Perfection 

Buckeye  State 

Ponderosa 

Peach 

Magnus 

Beauty 


White  Apple 

Early  Detroit 

Early  Michigan 

Stone 

Acme 

Matchless 


June  Pink 
fiolden  Queen 
Dwarf  Champion 
Chalk's  Early  Jewel 
Coreless 
Earliana 


'^The  leaflets  uut  inoculated  acted  as  checks. 
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Peter  Hendei'son  &  Co, 

Perfection 
Tenderloin 
June  Pink 
Crimson  Cushion 

Ymglian  Seed  Co. 

Red  Plum 
Bonny  Best 
Trophy 
Stone 

Livingstone's  Beauty 

Ponderosa 

Crimson  Cushion 

Freedom 

Dwarf  Stone 

Matchless 

Magnus 

Acme 

E3arliest  of  All 
Perfection 

Livingstone's  Favorite 
Pear-shaped  Red 


Chalk's  Early  Jewel 
Beauty 

Early  Freedom 
Dwarf  Champion 


Sutton's  Best  of  All 
Enormous 
Lorillard 
Yellow  Plum 
Fall  Champion 
Sterling  Castle 
Pear-shaped  Yellow 
Atlantic  Prize 
Red  Cherry 
Frogmore  Select 
Honor  Bright 
Comet 
Sunrise 

Hubert's  Marvel 
Hummer 
Red  Currant 


Stone 

Livingstone's  Globe 
Ponderosa 


Golden  Queen 
Yellow  Peach 
Vaughan's  Model 
Ground  Cherry  or  Husk 
Livingstone's  Globe 
Cream  City 
Red  Peach 
Chalk's  Jewel 
Early  Michigan 
Imperial 
Ooreless 
Buckeye  State 
June  Pink 
Early  Detroit 
Dwarf  Champion 
Dwarf  Aristocrat 


Ten  plants  of  each  of  the  varieties  listed  were  grown.  Five  were  in- 
oculated after  the  method  previously  given,  five  were  left  as  checks. 
Every  inoculated  plant  developed  the  disease  except  the  Currant  tomato 
and  the  Ground  Cherry.  The  Currant  tomato,  however,  is  by  most  sys- 
tematists  classed  as  a  different  spe(.*ies,  and  this  relation  to  a  pathogenic 
fungus  is  believed  by  many  to  be  a  continnatory  test  of  a  specific  entity. 
The  Ground  Cherry  belongs  to  another  genus  (Physalis).  This  experi- 
ment was  not  intended  to  determine  the  relative  effect  of  the  disease 
on  the  plant  in  the  field.  There  are  a  number  of  factors  which  these 
results  do  not  recognize;  the  ability  of  the  plant  to  form  new  leaves,  the 
mechanical  structure  of  the  leaves,  etc.  This  experiment,  however,  does 
point  out  that  in  the  common  varieties  of  the  tomato,  with  this  partic- 
ular organism,  there  is  no  variety  strikingly  immune  or  susceptible  to 
this  disease. 

It  is  believed  in  various  sections  of  the  country  that  the  Globe  is  a 
resistant  variety — this  statement  being  often  seen  in  horticultural  pa 
pers.  (i.  Kock  (1907)  classes  certain  varieties  as  i*esistant,  less  resistant, 
and  strongly  susceptible,  as  follows: 

Resistant — Wonder  of  the  Market,  Up-to-date,  Mikado,  King  Humbert; 

Less  Resistant — Magnum  Bouum,  Prelude,  Ponderosa,  Pres.  Garfield 
and  Alice  Roosevelt; 

Especially  Susceptible — Trophy,  Ficarjizzi. 

The  varieties  tested  appeared  neither  more  or  less  strongly  affected 
than  any  other.  From  investigations  carried  on,  it  is  found  that  there 
is  no  evidence  uf  a  distinction,  even  in  the  size  of  the  spots  formed 
among  these  varieties,  provided  the  spore  suspension  is  applied  to  the 
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lower  part  of  the  leaf  with  relatively  the  same  number  of  spores  in  each 
inoculation.  G.  Kock  does  not  mention  his  method  in  arriving  at  his 
conclusions.  This,  of  course,  precludes  the  possibility  of  comparison  of 
results.  Judging  from  his  article  he  relied  merely  on  field  appearances. 
It  is  interesting  to  contrast  the  following  observations  by  J.  B.  R.  Nor- 
ton (1914) :  "Practically  all  the  varieties  grown  in  America  and  Europe 
have  been  tried  here  the  past  two  years,  and  all  showed  about  the  same 
amount  of  Septoria  Blight  on  the  foliage.  Some  varieties  are,  however, 
more  vigorous  growers  and  continually  keep  ahead  of  the  blight  by  the 
production  of  new  foliage." 

Here  as  in  all  work  on  resistance  and  immunity  in  reference  to  plant 
disease,  the  whole  matter  of  resistance  and  susceptibility  is  obscured  by 
disease  Toterance  atid  Escwpe.  (Orton,  1908;  Freeman,  1911).  We  might 
add  to  this  the  ability  to  repair  or  replace  damaged  tissue.  In  view  of 
the  total  lack  of  any  superiority  of  any  one  variety  in  the  experiments 
reported,  the  writer  feels  that  the  explanation  of  Norton  is  correct  and 
the  rapidity  of  growth  of  some  varieties  (as  contrasted  with  the  slow- 
ness of  the  dwarfs)  is  responsible  for  the  apparent  cases  of  resistance 
to  disease  of  certain  varieties  of  the  tomato,  Lycoporslcon  lycopersicon. 


Before  control  measures  can  be  considered,  we  must  recognize  the  fol- 
lowing observations  that  have  been  dealt  with  above: 

1.  The  sources  of  infection  are  at  least  two:  the  greenhouse  or  the 
hotbed  and  the  old  trash  in  the  field. 

2.  Infection  results  from  inoculation  upon  the  upper  and  lower  sur- 
faces of  the  leaf. 

3.  The  period  from  the  time  of  inoculation  to  spore  exudation  is 
about  13  days. 

4.  Moisture  is  the  primary  agent  in  dissemination  of  the  disease. 

5.  The  exudate  of  spores  is  in  the  form  of  a  mucilaginous  mms.  The 
spores  are  always  transferred  by  some  external  agency. 

6.  It  has  been  shown  that  the  mycelium  will  not  grow  at  37V2° 
(98"  C.)  and  will  not  revive  after  ten  days  at  this  temperature.  Since 
this  temperature  is  frequently  reached  during  the  summer  months,  this 
must  be  taken  into  consideration  as  a  natural  means  of  checking  the  dis- 
ease. 

The  most  important  control  measures  for  this  disease  are  prophylactic. 
Clean  seedlings  in  clean  soil,  if  reasonably  isolated  remain  practically 
free  from  the  disease. 

In  order  to  be  sure  that  the  seedlings  do  not  become  diseased  at  the 
start,  clean  soil  should  be  used  in  the  greenhouses  devoted  to  seedling 
production.  The  soil  should  be  fresh  or  sterilized.  The  seedlings  should 
be  sprayed  as  soon  as  their  height  above  ground  makes  it  practicable,  and 
again  before  being  transplanted  to  the  field.  For  this  a  weak  Bordeaux 
mixture  (2-2-50)  is  advised. 

Since  it  has  been  determined  that  wintered-over,  diseased  vines  possess 
spores  which  are  viable,  the  old  trash  must  be  destroyed  as  far  as  pos- 
sible.   Since,  however,  this  is  not  practical,  except  in  greenj^ouses  and 
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gardens,  rotation  is  strongly  urged.  While  there  is  no  experimental 
evidence  to  demonstrate  the  value  of  rotation  as  a  means  of  control, 
numerous  instances  have  heen  noted  in  which  rotation  has  been  success- 
ful in  controlling  the  disease. 

After  transplanting  to  the  field,  spray  with  44-50  Bordeaux  mixture 
ever^'  10  days.  As  has  heen  shown,  the  period  from  time  of  inoculation 
to  spore  exudation  is  at  least  13  days.  Allowing  this  leeway  for  differ- 
ences in  period  M  infection,  it  would  seem  that  a  spray  so  applied  w^ould 
give  the  necessary  protection. 

The  greatest  part  of  and  the  strongest  infection  results  from  inocula- 
tion on  the  lower  surface  of  the  leaf.  Therefore,  all  these  precautions 
are  less  effective  if  the  i)lants  are  allowed  to  run  at  will  over  the  ground. 
The  spraying  of  the  under  side  of  the  leaf  is  not  accomplished  unless  the 
application  is  thorough.  Failures  to  control  the  disease  by  spraying  are 
doubtless  due  to  lack  of  thoroughness  and  timeliness. 

Moisture  acts  as  a  mechanical  factor  in  disseminating  the  disease  in 
two  ways.  (1).  The  dew  carries  the  spores  from  the  mucilaginous  mass 
to  all  parts  of  the  leaflet  to  form  secondary  infection.  (2).  The  rain 
by  splashing,  carries  the  spores  fi"om  the  ground  below  to  the  leaves 
above  and  in  a  similar  manner  carries  the  spores  from  the  diseased 
leaves  on  the  ground  to  the  healthy  leaves  above. 

The  mucilaginous  matrix  holds  the  spores  until  they  are  released  by 
contact  with  some  object.  When  the  plants  are  dry,  the  spores  do  not 
float  in  the  air  or  fall  from  the  leaf  but  stay  embedded  in  this  matrix, 
which  becomes  hard  and  strongly  cohesive. 

Accordingly  the  plants  should  not  be  "worked"  when  wet.  Growers 
have  reported  cases  where  cultivation  began  at  a  small  infected  patch 
and  the  disease  was  carried  over  the  entire  field,  and  that  in  less  than 
three  wrecks  the  entire  field  was  spotted.  This  is  now  re.idily  explained. 
In  greenhouse  practice,  irrigation  sliould  re])lace  the  ordinary  use  of 
the  hose. 

Spraying  with  4-4-50  Bordeaux  mixture  in  the  fields  where  tomaloe.^ 
are  staked  should  be  extremely  successful.  In  this  state  spraying  will 
not  pay  unless  the  sju'ay  reaches  the  lower  surface  of  the  leaves.  A 
sprayer  such  as  is  used  for  potatoes,  with  two  side  nozzles  set  to  shoot 
upward  and  if  practical,  with  one  central  nozzle  to  spray  downward 
for  each  row  will,  under  high  pi'essure,  be  most  efficient  in  Michigan  fields. 
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SUMMARY. 

This  bulletin  gives  the  results  of  experiments  with  the  Leaf-Spot  dis- 
ease of  tomato  and  recommendations  for  its  control.  After  a  discus- 
sion of  the  previous  work  on  the  disease,  the  disease  is  discussed  under 
topics: — Name,  Economic  Importance,  and  Distribution.  The  disease 
manifests  itself  by  forming  lesions  on  leaves,  stems,  calyx,  and  fruit. 

Since  previous  work  for  the  most  part  inferred  the  connection  of  the 
associated  fungus  and  the  disease,  or  at  least  was  not  entirely  conclu- 
sive, formal  proof  of  parasitism  was  undertaken.  This  work  proved  that 
tlie  organism,  ^<:ptori<i  lycopersici  Speg.,  causes  the  disease.  Studies  of 
infection  phenomena  were  given  under  the  topics: — Period  of  Incuba- 
tion, Subsequent  Development,  and  The  Reliation  of  Infection  to  Mois- 
ture. 

The  physiological  and  ecological  relations  of  the  causal  organism  were 
studied  under  the  topics: — Germination,  Growth  on  Media,  Relation  to 
Dessication,  Heat,  Light,  Oxygen,  and  Dissemination. 

Morphology  of  the  causal  organism  indicated  that  the  pycnidium  is 
a  closed  ball  with  a  wall  similar  to  that  in  the  genus  Phoma.  The  spores 
are  long  and  needle-shaped  bodies  with  pointed  or  rounded  ends,  usually 
with  several  septa.  The  mycelium  is  of  two  sorts.  The  morphology  of 
this  organism  shows  a  striking  difference  from  that  found  in  the  mem- 
bers of  the  genus  Septoria  studied  by  Potebnia,  Diedicke  and  Klebahn. 
There  is  no  proof  available  to  show  that  the  organism  in  the  United 
States  is  different  from  that  in  Argentine,  hence  the  specific  name,  Jyeop- 
ersiciy  is  retained. 

In  considering  the  relation  of  the  fungus  to  the  host,  it  was  found  that 
the  type  of  infection  is  stomatal.  The  mycelium  is  intercellular  and 
possesses  haustoria. 

An  experiment  to  determine  the  iporbid  physiology  of  the  plants  in- 
fected by  Septoria  indicated  that  healthy  and  diseased  plants  transpired 
nearly  alike  per  unit  of  area.  There  was,  however,  an  indication  that 
Ihe  diseased  spots  transpire  more  than  the  healthy  portions  of  the  af- 
fected leaves,  and  that  the  transpiration  of  these  healthy  portions  is 
repressed  below  normal.  The  fungus  was  found  to  infect  the  potato  when 
the  latter  is  artificially  inoculated.  No  fruiting  bodies  were  produced  in 
the  disease  spots.  No  variety  of  tomato  was  found  especially  suscepti- 
ble or  immune  although  more  than  fifty  were  tried.  Control  measures, 
chiefly  prophylactic,  are  recommended. 
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APPENDIX. 


Media  Used  in  Cultural  Work  with  the  Fungus. 


Convmeal  Agar  (Shear): 

Four  teaspoonfuls  of  yellow  cornmeal  were  added  to  a  liter  of  dis- 
tilled water.  Digested  in  water  bath  below  60°  for  one  hour,  1.3%  agar 
was  added  and  boiled  for  45  minutes;  water  lost  added;  albumen  of  two 
eggs  added  for  clearing.  Filtered  through  absorbent  cotton  and  tubed. 
Autoclaved  15  minutes  110° 

Prune  Juice  Agar: 

One  hundred  twenty  gms.  of  dry  prune  flesh.  Boiled  in  one  liter  of 
distilled  water  in  steamer  for  two  hours.  Filtered  through  cheesecloth 
and  12  gms.  of  agar  added.  Boiled  two  hours  in  steamer  until  com- 
pletely dissolved.  Cleared  with  albumen  of  two  eggs.  Filtered  through 
absorbent  cotton.   Autoclaved  15  minutes  110°. 

Totnato  Leaf  Agar: 

Green  tomato  leaves  were  pressed  and  60  cc.  of  juice  was  boiled  in  500 
cc.  of  water  and  then  12  grams  agar  flour  was  added  to  juice,  boiled  45 
minutes  and  cleared  With  albumen  of  two  eggs.  Filtered  through  cot- 
ton.  Autoclaved  10  min.  110°. 

Nutrient  Glucose  Agart: 

Digested  20  gms.  of  agar  in  500  cc.  of  water.  Dissolved  in  500  cc. 
of  water  40  gms.  of  glucose,  3  gms.  of  beef  extract,  3  gms.  of  salt,  20 
gms.  of  pei>tone.  Poured  into  agar  and  steamed  for  45  minutes.  Cleared 
with  albumen  of  two  eggs.  Filtered  through  absorbent  cotton.  Auto- 
claved 10  minutes  at  110°. 

Nutrient  Saccharose  Agar: 

Digested  30  gms.  of  agar  in  500  cc.  of  water.  Dissolved  in  500  cc.  of 
water  40  gms.  of  saccharose,  3  gms.  beef  extract,  3  gms,  salt,  20  gms. 
peptone.  Poured  into  agar  and  steamed  for  45  minutes.  Cleared  with 
albumen  of  two  eggs.  Filtered  through  absorbent  cotton.  Autoclaved 
10  minutes  at  110°. 

Nutrient  Broth: 

Dissolved  3  gms.  of  Leibig's  beef  extract  in  a  liler  of  water  to  which 
was  added  10  gms.  peptone,  5  gms.  of  common  salt;  neutralized  with  nor- 
mal NaOH  to  1°  Fuller's  Scale.   Autoclaved  10  minutes  at  110°. 

^Bean  Pods: 

Canned  bean  pods  placed  with  inch  distilled  water  in  test  tubes. 
Autoclaved  at  110°  fifteen  minutes. 

Potato  Plugs: 

Potato  plugs  made  with  cork  borer.  Hoaked  in  running  water  24 
hours.   Placed  in  tubes  in  bottom  of  which  a  small  wad  of  cotterri  soaked 
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in  distilled  water  was  placed.  Steamed  three  consecutive  days  for  15 
minutes. 

Tomato  Leaves: 

Young  leaves  were  cut  from  growing  vines.  These  were  placed  iu  test 
tubes  with  2  cc.  distilled  water.   Autoclaved  at  110°  for  5  minutes. 

Tomato  Sterm: 

Stems  were  prepared  in  the  same  manner  as  the  leaves. 

Commeal: 

A  teaspoonful  of  commeal  in  large  test  tube  to  which  was  added  four 
times  volume  of  distilled  water.  Steamed  3  consecutive  days  for  15 
minutes. 

Rice: 

Rice  was  prepared  in  the  same  manner  as  cornmeal. 
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DESCRIPTION  OF  PLATES. 

Plate  1. 

Diseased  plant  showing  killing  of  lower  leaves. 


Plate  2. 
Fig.  1. 
Fig.  2. 


The  disease  as  found  in  the  field. 
Diseased  spots  X  5. 


Plate  3. 

Fig.  1.    Van  Tlegbem  cells  with  distilled  water  and  nutrient  glucose  agar. 
Fig.  2.    Plants  used  in  transpiration  experiment.   The  pots  are  Inside  of  cheese  cartons 
which  are  cemented  to  Petri  dishes  with  paraffin. 


Plate  4. 


Fig.  1.    Pycnidlum  in  the  leaf,  showing  spores  pushing  out,  thus  making  the  ostiole. 
X  250. 

Fig.  2.    Test  tube  cultures  on  tomato  agar  and  nutrient  glucose  agar  showing  spore 
exudation. 

Fig.  8.    Section  of  sub-stomatal  chamber  of  leaf  showing  entrance  of  mycelium.   X  1,000. 


Plate  5. 
Fig.  1. 

Pig.  2. 


Pycnidum  before  arisal  of  spores  showing  mycelial  strands  running  across  the 
chamber.   X  750. 

Magnified  camera  drawing  showing  nature  of  young  pycnldial  wall.    X  750. 


Plate  6. 
Fig.  1. 

Pig.  2. 


Mycelium  in  hanging  drop  culture  showing  arisal  of  secondary  spores,  and 
heayy-walled  mycelium. 

Mycelium  between  the  cells  of  the  host,  sending  blunt,  tubular  haustorla  Into 
the  cells.    X  1,000. 


Plate  7. 
Fig.  1. 

Fig.  2. 


Pycnidlum  on  a  tomato  leaf,  showing  relation  of  spores  and  adjacent  tissue 
to  ostiole  formation.    X  800. 

Pycnidlum  from  test  tube  culture  showing  spores  masses  pushing  into  agar. 
X  300. 


Plate  8. 
Pig.  1. 
Fig.  2. 
Fig.  8. 
Fig.  4. 
Fig.  5. 


Spore  showing  globose  ends. 

Germinating  spores  producing  secondary  spores. 

Secondary  spore  germinating. 

Mycelium  producing  secondary  spores  (corn  meal  agar). 
Mycelium  branching,  no  secondary  spores  (nutrient  glucose  agar). 


Plate  9. 

Fig.  1.  Germinating  spore  (tomato  agar). 

Fig.  2,  4  and  5.    Stages  in  colony  formation. 

Fig.  8.  Spore  germinating  by  elongation  of  both  ends,  (nutrient  broth). 

Fig.  6.  Mycelium  with  secondary  spores,  and  heavy  brown  threads  (corn  meal  agar). 

Fig.  7.  Mycelium  (nutrient  glucose  agar). 

Pig.  8.  Pycnidlum  formation  (com  meal  agar). 
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PLATE  8. 


PLATE  4. 


PLATE  5. 


PLATE  7. 


PLATB  8. 


PLATB  9. 
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INTKODUCTION. 


In  tlie  fall  of  1911  an  investigation  of  the  general  subject  of  soil  tem- 
l)erature  was  undertaken  at  this  Station.  Although  the  subject  had  al- 
ready received  a  large  amount  of  attention  yet  it  was  not  considered 
solved,  as  our  knowledge  concerning  it  appeared  very  unsatisfactory. 
This  is  undoubtedly  due  to  the  fact  that  the  problem  is  a  most  complex 
one,  as  the  number  of  factors  influencing  it  is  very  great.  These  factors 
may  be  divided  into  two  general  groups,  (1)  the  intrinsic  and  (2)  the 
external.  The  intrinsic  factors  are  those  contained  by  the  soil  and  com- 
prise the  specific  heat,  heat  conductivity,  thermal  absorption  and  radia- 
tion, specific  gravity,  texture,  structure,  moisture  content,  salt  content, 
topographic  position,  nature  of  surface,  etc.  The  external  factors  in- 
clude the  meteorological  elements,  chief  of  which  are  the  air  temperature, 
sunshine,  wind  velocity,  barometric  pressure,  precipitation,  dew  point, 
humidity,  etc.  The  intrinsic  factors  vary  with  the  different  kinds  of 
soil  and  tend  to  exert  a  temporary  or  permanent  controlling  influence 
upon  the  soil  temperature.  They  are  acted  upon  by  the  external  factors 
which  cause  the  soil  temperature  to  fluctuate  as  they  themselves  vary. 
Inequality  in  temperature,  therefore,  in  different  kinds  of  soil  for  any 
particular  day  will  depend  upon  their  intrinsic  factors,  but  variation  in 
temperature  in  these  same  soils  for  succeeding  days  or  seasons  will  de- 
pend upon  the  external  factors.  Both  of  these  groups  of  factors  may  be 
subdivided*  into  two  parts,  one  part  tending  to  take  up  or  import  heat  to 
the  soil  system  and  thereby  raise  its  temperature,  and  the  other  part 
tending  to  give  up  or  take  away  heat  from  the  same  soil  system  and 
thereby  lower  its  temperature.  These  opposing  factors  are  in  operation 
practically  all  the  time.  The  temperature  of  a  soil,  therefore,  under 
field  conditions,  is  the  resultant  of  all  these  variables  and  contesting 
forces. 

Most  of  the  previous  investigators  usually  studied  only  one  or  two  of 
the  intrinsic  factors  influencing:  or  controlling  the  soil  temperature  and 
then,  as  a  very  general  rule,  deducted  general  conclusions  therefrom  as 
to  the  importance  and  controlling  effect  of  these  factors  upon  the  soil 
temperature.  There  appears  to  be  no  one  investigator  who  attacked  the 
subject  thoroughly  and  systematically  from  all  standpoints.  As  a  result 
wrong  conclusions  have  been  drawn,  and  are  being  disseminated  at  pres- 
ent, as  to  the  importance  and  controlling  effect  of  some  of  the  intrinsic 
factors  uDon  soil  temperature,  which  have  led  to  erroneous  beliefs  con- 
cerning the  difference  in  temperature  in  ihe  different  classes  of  soil 

In  undertakincr  an  investigation  of  the  subject,  therefore  it  was  re- 
solved to  studv  it  from  all  standpoints  as  systematically  and  thoroughly 
as  possible.  The  plan  finally  decided  upon  consisted  (1)  of  studying 
individually  or  in  combination  most  of  the  chief  intrinsicfactors  affect- 
ing the  soii  temperature,  under  controlled  conditioned  (,^OoW9^l0*^'npr 
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the  influence  of  these  various  important  factors  upon  soil  temperature 
under  field  conditions  and  (3)  ascertaining  the  relationship  between  the 
soil  temperature  and  the  different  -meteorological  elements  or  external 
factors. 

In  the  report  of  1913^  there  were  embodied  the  results  of  the 
completed  laboratory  experiments  on  the  intrinsic  factors  influencing 
soil  temperature  and  one  year's  data  of  the  field  experiments.  The  field 
experiments  have  been  continued  up  to  the  present  time,  or  for  four 
years,  and  it  is  the  purpose  of  this  bulletin  to  present  the  additional 
data  obtained  from  these  experiments  and  also  the  final  conclusion  that 
might  be  deducted  from  the  entire  investigation. 

»Technical  Bui.  17,  Mich.  Expt.  Sta.  1913. 
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The  investigation  on  the  specific  heat  of  soils  showed  that  the  magni- 
tude of  this  property  was  about  the  same  for  all  types  of  soil,  namely 
gravel,  sand,  humus  loam,  clay  and  peat;  this  being  true  both  by  equal 
weight  as  well  as  by  equal  volume.  By  equal  weight  the  magnitude  of 
the  value  was  about  0.200°C  and  by  equal  volume  about  0.500°C.  The 
specific  heat  of  peat  was  only  about  one-half  as  great  as  that  given  to  it 
by  previous  investigators. 

It  was  concluded  that  in  view  of  this  remarkable  equality  of  the  specific 
heat  of  the  diverse  types  of  soil,  this  factor  exercised  practically  no  in- 
fluence in  causing  and  maintaining  a  difference  in  temperature  in  these 
various  soils. 

Since,  however,  these  diverse  types  of  soil  contain  different  amounts 
of  water,  on  account  of  the  marked  variation  in  their  water-holding  ca- 
pacity, and  water  possesses  five  times  as  great  specific  heat  as  the  dry 
soils  by  equal  weight  or  tAvo  times  as  great  by  equal  volume  and  its  latent 
heat  of  evaporation  and  heat  of  fusion  are  tremendously  high,  it  was  con- 
cluded that  the  water  content  of  the  soil  is  one  of  the  chief  intrinsic  fac- 
tors which  might  cause  a  variation  in  the  temperature  of  these  various 
classes  of  soil. 

The  phenomen  of  heat  conductivity  was  measured  in  different  types 
of  soil,  (1)  in  their  dry  condition,  (2)  in  their  natural  state  under 
laboratory  conditions  and  (3)  in  their  natural  state  under  field  condi- 
tions. It  was  found  that  in  all  these  three  states  the  magnitude  of 
heat  transference  was  markedly  different  in  the  various  types  of  soil 
but  the  order  was  always  the  same,  namely,  gravel  manifested  the  highest 
heat-transmitting  power  followed  in  order  by  sand,  clay,  loam  and  peat; 
respectively. 

It  was  concluded,  however,  that  even  though  these  diverse  classes 
of  soil  possess  markedly  different  abilities  to  propogate  heat,  yet  this 
factor  of  heat  conductivity  is  only  of  secondary  and  not  of  primary  im- 
portance in  the  control  and  variation  of  their  temperature.  In  other 
words  heat  conductivity  is  not  a  dominant  factor  and  the  small  varia- 
tion in  average  temperature  that  it  would  cause  in  the  different  types  of 
soil  under  normal  conditions  is  neutralized  or  offset  by  other  contrary 
factors  and  consequently  as  an  agent  itself  it  cannot  cause  a  permanent 
variation  in  average  temperature  in  those  soils  which  possess  it  in 
different  degrees.  Or  if  it  is  a  dominant  factor  it  opposes  some  other 
contrary  factor  and  causes  those  soils  which  possess  it  to  the  highest 
degree  to  have  the  same  average  temperature  as  those  that  contain  it  in 
the  least  extent. 

Under  special  circumstances,  however,  such  as  when  a  mulch  is  formed 
on  a  cultivated  soil  heat  conductivity  might  exert  a  slight  predominating 
and  controlling  influence  on  the  soil  temperature.- Jn  ^uch  a  ca^e,  Jiow- 
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ever,  it  is  the  thin  layer  of  dry  soil  formed  at  the  surface  that  plays  the 
leading  role  rather  than  the  entire  tilled  layer. 

Again  in  such  abnormal  soil  as  peat  heat  conductivity  might  predomi-. 
nate  and  cause  a  slightly  greater  cooling  at  the  upper  one  or  two  inch 
depths  than  in  the  mineral  soils. 

The  radiating  power  of  the  various  types  of  soil  was  also  investigated. 
It  was  discovered  that  color  had  no  effect  upon  radiation,  which  is  con- 
trary to  the  popular  belief, — but  it  had  a  tremendous  influence  upon  the 
absorption  of  the  solar  energy.  The  various  classes  of  soil  radiated 
slightly  differently  when  in  the  dry  condition,  about  the  same  and  slightly 
more  when  well  moistened  and  that  a  dry  surface  or  mulch  reduced 
somewhat  the  amount  of  radiation.  In  the  dry  state  sand  exhibited  the 
highest  radiating  power,  followed  in  order  by  gravel,  clay,  loam,  and 
peat,  respectively.  The  water,  however,  manifested  far  greater  radiating 
capacity  than  any  soil  either  in  the  dry  or  moist  condition.  The  deduc- 
tion was  made  that  as  far  as  i-adiation  is  concerned  all  the  diverse  classes 
of  soil  lose  heat  practically  to  the  same  extent  and  that  the  difference  in 
minimum  temperature  that  is  noted  in  them  in  the  morning  or  during  a 
period  of  sudden  cold  weather  is  attributed  to  the  difference  in  their 
total  specific  heat. 

It  was  discovered  that  a  high  concentration  of  soil  solution  tended  to 
raise  the  soil  temperature  during  the  insolation  by  reducing  the  amount 
of  evaporation  and  that  during  the  winter  it  diminished  the  lowering 
of  the  freezing  point  and  hastened  the  rate  of  thawing. 

The  study  on  the  effect  of  decomposition  of  manure  on  the  temperature 
of  soil  showed  that  large  applications  of  this  material  in  the  fresh  state 
could  raise  the  soil  temperature  appreciably,  but  considering  the  small 
amounts  that  are  commonly  applied  to  the  soil  under  field  conditions 
and  that  a  rather  high  temperature  is  required  for  the  decomposition 
process,  it  was  concluded  that  the  amount  of  heat  gained  by  the  soil  from 
this  source  is  absolutely  insignificant. 

The  field  studies  on  the  effect  of  cultivation,  noncultivation,  and  sod 
upon  soU  temperatures  indicated  that  during  the  winter  the  temperature 
of  the  soil  under  these  three  cultural  conditions  was  about  the  same  with 
a  slightly  higher  degree  in  favor  of  the  sod.  In  the  spring  all  the  soils 
thawed  practically  simultaneously  and  maintained  identical  average  tem- 
perature until  the  vegetation  in  the  sod  plot  commenced  to  grow  when 
its  temperature  began  to  be  lower  than  that  of  the  other  plots,  and  con- 
tinued to  be  smaller  until  in  the  fall  when  the  order  was  reversed.  The 
temi)erature  of  the  cultivated  and  uncultivated  j.lots  was  the  same 
throughout  the  year  except  during  the  spring  and  summer  months  when 
the  uncultivated  plot  had  a  slightly  higher  average  temperature  than  the 
cultivated. 

The  results  from  the  investigation  on  the  influence  of  organic  matter 
on  the  soil  temperature  showed  that  those  soils  containing  1.8,  2.01, 
3.32,  5.47,  and  6.95%  of  organic  matter  thawed  practically  simultaneously 
and  peat  several  days  later.  After  complete  thawing,  however,  the  peat 
and  the  soil  containing  the  least  percentage  of  organic  matter  and  which 
had  a  white  surface,  reached  and  maintained  an  appreciably  lower  aver- 
age temperature  than  the  other  soils  throughout  the  spring  and  summer 
months  up  until  in  the  fall  and  then  this  difference  jlisappeared 
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all  the  soils  began  to  have  approximately  equal  degrees  of  temperature 
with  peat  being  slightly  warmer. 

The  temperature  of  the  five  different  types  of  soil,  namely,  gravel,  sand, 
humus  loam,  clay  and  peat,  whose  many  intrinsic  factors  were  investi- 
gated in  the  laboratory  as  already  discussed,  was  measured  daily  through- 
out a  whole  year  under  field  conditions,  at  three  different  depths.  The 
data  yielded  by  this  investigation  showed  that  when  all  these  different 
types  of  soil  were  covered  with  a  thin  layer  of  sand  their  average  tem- 
perature was  practically  the  same  throughout  the  year  except  in  the 
early  spring  when  they  were  undergoing  thawing.  At  this  period  their 
average  temperature  was  markedly  different,  especially  between  that  of 
the  mineral  types  and  peat,  due  to  their  different  rate  of  thawing.  After 
they  were  all  completely  thawed,  however,  their  average  temperature 
reached  about  the  same  degree  and  remained  practically  the  same  until 
the  next  thawing  period.  Unlike  in  the  spring,  in  the  fall  they  all  cooled 
at  about  the  same  rate.  The  only  other  time  that  their  average  tem- 
perature varied  appreciably  besides  in  the  spring  was  whenever  there 
occurred  rapid  changes  in  the  air  temperature,  but  they  would  soon 
reestablish  their  equilibrium.  The  amplitude  of  temperature  of  course, 
was  very  different  in  them.  It  was  greatest  in  sand  and  gravel,  followed 
in  order  by  clay,  loam,  and  peat,  respectively. 

The  results  of  the  last  investigation,  therefore,  indicate<l  that  the 
average  temperature  of  the  diverse  classes  of  soil  does  not  vary  as  much 
as  is  popularly  believed  or  as  one  would  think,  in  view  of  the  great 
variation  of  the  intrinsic  factors  in  them. 


ADDITIONAL  EXPERIMENTAL  DATA  ON  THE  TEMPERATURE 
OP  DIFFERENT  TYPES   OF   SOIL  AT  DIFFERENT 
DEPTHS  AND  UNDER  DIFFERENT  SURFACE 
CONDITIONS  FOR  1913,  1914,  AND  1915.* 

PLAN  OF  THE  BXPmiMEJNT. 

As  described  in  the  first  report  this  investigation  was  prepared  by  mak- 
ing a  long  trench  a  little  over  three  feet  wide  on  a  smooth  and  slightly 
rolling  piece  of  ground,  covering  the  bottom  with  a  thin  layer  of  a  sandy 
soil  so  as  to  be  uniform  throughout,  then  placing  into  this  trench,  about 
one  foot  apart,  wooden  boxes  3x3x3  feet  without  bottom  or  top,  and  then 
filling  these  boxes  with  five  different  types  of  soil,  namely,  gravel,  sand, 
clay,  humus  loam,  and  peat.  After  they  were  flooded  with  water  several 
times  and  a  certain  length  of  period  was  allowed  to  elapse  in  order  that 
they  might  settle,  a  study  of  their  temperature  was  commenced.  Their 
teniperature  was  measured  at  three  different  depths,  6,  12,  and  18,  or 
2,  4,  and  6  inches,  three  times  a  day,  usually  at  about  7  A.  M.  12  M.  and 
(>  P.  M.  every  day  throughout  the  year  except  Sundays,  by  means  of 
electric  resistance  thermometers.   These  instruments  consisted  of  resist- 

/«The  author  wishes  to  express  hfs  deepest  sratltude'and  Indebtedness  ^9 SIS^^' 
ate  student,  for  his  most  loyal  and  excellent  InteHI^rent  support  In  the  conduct  '55^rJI 
mentfl  and  In  the  preparation  of  the  many  laborious  tablet.  Digitized  by  vjOOQ  LC 
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ance  bulbs  and  35  feet  wire  leads.  The  leads  were  incased  in  lead  pipe 
so  as  to  keep  them  dry  and  well  insulated.  The  ends  of  these  leads  were 
run  into  a  small  house  specially  constructed  for  the  purpose.  In  this 
house  there  was  kept,  on  a  permanent  stand,  a  balance  indicator  upon 
which  the  temperature  was  read. 

During  the  first  year,  from  Dec.  1,  1911  to  Nov.  30,  1912,  the  surface 
of  all  the  five  different  types  of  soil  was  covered  with  a  very  thin  layer  of 
sand  in  order  to  eliminate  their  differential  factor  of  color.  The  tem- 
perature during  this  period  was  also  measured  by  an  indicator  graduated 
to  only  1°F. 

During  the  second  year,  from  December  1,  1912  to  November  30,  1913, 
the  thin  layer  of  sand  was  removed  from  the  surface  of  all  the  soils  and 
consequently  their  natural  surface  was  exposed  to  the  atmosphere  and 
allowed  to  play  its  role.  Beginning  with  this  year  also  the  old  balance 
indicator  was  replaced  by  a  new  one  which  was  graduated  to  0.5  and 
thus  more  sensitive  than  the  first. 

In  the  third  year,  from  December  1,  1913  to  November  30,  1914,  all  the 
soils  were  again  covered  by  a  thin  layer  of  sand. 

At  the  b^inning  of  the  fourth  year,  however,  from  December  1,  1914 
to  November  30,  1915,  the  surfaces  of  all  the  soils  were  again  uncovered, 
and  the  thermometers  were  removed  from  the  0,  12  and  18  inch  depths  at 
which  they  had  remained  from  the  beginning  of  the  experiment,  and 
placed  at  2,  4,  and  6  inch  depths,  respectively.  During  the  warm  part  of 
this  year  the  surface  temperature  was  also  taken  by  means  of  mercury 
thermometeiis  having  extremely  small  bulbs. 

It  was  stated  above  that  the  temperature  records  were  taken  at  7 
A.  M.,  12  M.  and  6  P.  M.  These  periods,  however,  were  changed  some- 
what during  the  year  in  order  to  obtain  as  true  an  average  and  range  of 
temperature  as  possible.  During  the  warm  part  of  the  year,  when  the 
sun  rose  early  in  the  morning,  the  temperature  records  were  taken  at 
about  6  A.  M.,  1  P.  M.  and  5  P.  M.,  while  during  the  cold  part  of  the 
year  they  were  taken  at  about  7  A.  M.,  12  M.  and  6  P.  M.  The  dailv 
average  temperature,  therefore,  is  composed  of  these  three  diurnal  read- 
ings, and  tbe  daily  amplitude,  the  difference  between  the  highest  and 
lowest  temperature  recorded  during  the  day. 

Even  though  the  temperature  was  recorded  three  times  a  day  it  can- 
not be  claimed,  however,  that  it  gives  the  absolute  average  and  range 
of  temperature  for  all  depths  and  for  all  soils.  This  is  at  once  obvious 
from  the  fact  that  the  real  maximum  and  minimum  temperatures  at  the 
various  depths  of  the  same  and  of  different  soils  are  attained  at  entirely 
different  periods  of  the  day.  The  three  diurnal  records,  however,  do 
give  a  very  close  approximation  of  the  true  daily  average  and  fluctuation 
of  temnerature  for  all  soils  and  for  all  depths.  Furthermore,  since  these 
three  diurnal  records  have  been  taken  almost  every  day  for  four  years  the 
average  for  the  month,  season  or  year  is  exceedingly  close,  if  not  exactly, 
the  true  average  and  range  of  temperature. 

As  already  mentioned  the  previous  report',  contained  all  the  data  for 
the  first  year.  In  the  present  report  will  be  presented  the  results  for  the 
following  three  years,  or  from  December  1,  1912,  to  November  30,  1915. 

•Technical  Bui.  17.  Mich.  Expt.  Sta..  1913. 
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THE  DAILY  AND  MONTHLY  AVERAGE  TEMPERATURE  FOR  1913. 1914  AND  1815. 
BEQINNINO  WITH  THE  SECOND  YEAR. 


TABLE  l.—AVERAGE  TEMPERATURES  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND, 

DECEMBER,  1912  (a) 


Gravtl. 

Stnd. 

Lofm. 

Clay. 

PMt. 

Date. 

12* 

18' 

6' 

12* 

10 

D 

10 

ft' 

D 

1ft' 

ft' 

D 

19' 

1ft' 

2  

42.77 

42.10 

41.17 

42.77 

42.17 

41.60 

40.23 

39.23 

40.10 

41.50 

39.70 

40.03 

37.53 

37.63 

40.63 

3  

37.20 

38.73 

41.13 

36.90 

39.10 

41.58 

37.63 

39.93 

41.37 

37.77 

40.10 

41.33 

37.73 

38.50 

40.83 

4  

37.90 

38.43 

39.77 

37.73 

38.43 

40.03 

37.03 

38.67 

40.50 

37.50 

38. n 

40.00 

36.47 

38.23 

40.67 

38  10 

38  53 

39  83 

37  87 

tlO.OU 

40  13 

37  03 

00. »i 

40  37 

37  43 

00.  lU 

OV.Oi 

A7 

Q7  D7 

40.43 

6  

40!70 

41.93 

42.00 

40!57 

41.70 

42!  23 

40!50 

40.87 

41.27 

40!57 

41.10 

41.20 

39.43 

38.77 

40.97 

7  

35.50 

37.43 

40.13 

36  00 

37.57 

40.43 

36.43 

39.40 

41  23 

36.40 

39.30 

40.80 

37.57 

38.87 

40.87 

33.00 

34.90 

38.10 

33.47 

35.33 

38.50 

34.10 

37.27 

39.63 

33.87 

36.97 

38.77 

35.30 

38.07 

40.80 

10  

32.20 

34  10 

37.10 

32.60 

34.50 

37.70 

33.33 

36.43 

38.80 

33.07 

36.17 

37.97 

34.53 

37.30 

39.77 

11  

32.40 

34.07 

36.90 

32.43 

34.50 

37.43 

33.10 

35.97 

38.27 

32.90 

35.73 

37.47 

33.87 

36.67 

39.60 

12  

30.67 

32.90 

36.13 

30.83 

33.40 

36.90 

32.53 

35.57 

37.87 

32.20 

35.27 

37.07 

33.40 

36.20 

38.90 

13  

29.87 

31.90 

35.27 

30.00 

32.47 

36.00 

31.50 

34.73 

37.17 

31.23 

34.40 

36.27 

32.63 

35.40 

38.43 

14  

29.97 

31.80 

34.70 

29  83 

32.10 

35.53 

30.93 

34.07 

36.60 

30.93 

33.77 

35.67 

32.27 

34.83 

37.93 

16  

30.93 

32.00 

34.77 

31.10 

32.83 

35.50 

31.23 

33.87 

36.20 

31.13 

33  67 

35.33 

32.13 

34.50 

37.27 

17  

31.27 

32.50 

34.90 

32.00 

33.27 

35.67 

31.37 

33.97 

36.30 

31.50 

33.80 

35.33 

32.17 

34.40 

37.20 

18  

32.37 

33.43 

36.77 

33.30 

34.43 

36.47 

32.10 

34.63 

36.73 

32.30 

34.53 

35.90 

32.80 

34.83 

37.57 

19  

32.63 

33.73 

35.83 

33.13 

34.70 

36.63 

32.27 

34.80 

36.73 

32  60 

34.83 

36.23 

32.83 

34.87 

37.57 

20  

32.87 

34.03 

85.87 

33  00 

34.37 

36.53 

32.23 

34.63 

36  63 

32.63 

34.70 

36.03 

32.83 

34.70 

37.37 

21  

33.00 

34.00 

35.83 

32.97 

34.47 

36.40 

32.33 

34.77 

36.50 

32.77 

34.83 

35.93 

32.87 

34.73 

37.27 

23  

31.93 

33.03 

35.23 

31.60 

33.33 

35.87 

31.67 

34.13 

35.87 

32.07 

34.27 

35.53 

32.13 

33.97 

36.60 

24  

31.40 

32.73 

34.73 

31.23 

32.87 

35.10 

31.13 

33.53 

35.63 

31.37 

33.53 

35.00 

31.53 

33.60 

36.17 

26  

31.80 

33.07 

35.07 

31.57 

33.00 

35.50 

31.43 

34.00 

35.80 

31.70 

33.97 

35.27 

32.03 

34.00 

36.50 

27  

32.43 

33.50 

35.30 

32.03 

33.53 

35.83 

31.97 

34.30 

36.17 

32.33 

34.30 

35.73 

32.43 

34.30 

36.93 

28  

31.53 

32.83 

34.90 

31.50 

33.00 

35.27 

31.43 

33.77 

35.60 

31.70 

33.90 

35.27 

32.00 

33.83 

36.47 

30  

31.93 

33.07 

34.97 

32.10 

33.07 

35.23 

31.43 

33.70 

35.57 

31.87 

33.87 

35.07 

31.90 

33.63 

36.23 

31  

31.80 

32.93 

34.73 

31.73 

33.03 

35.03 

31.27 

33.50 

35.37 

31.80 

33.67 

34.97 

31.70 

33.47 

36.10 

Monllily 
■venme. . . 

33.45 

34.71 

36.81 

33.53 

36.03 

37.32 

33.45 

35.77 

37.68 

33.66 

35.75 

37.12 

33.86 

35.73 

38.36 

(a)  Unles  otherwise  stated  the  temperature  figures  in  al!  the  tables  are  expressed  in  Fahrenheit  degrees. 
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TABLE  2 —AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED  WITH  SAND. 

JANUARY,  1913. 


Gravel. 

Sand. 

Loam. 

Clay. 

PeaL 

Date. 

6' 

12* 

18' 

6 

t 

12* 

18' 

6 

r 

12' 

18' 

6' 

12* 

18' 

6' 

ir 

18' 

1  

31 

63 

32 

73 

34 

23 

31 

53 

32 

87 

34 

83 

31 

13 

33 

17 

34 

97 

31 

57 

33 

37 

34.73 

31 

47 

33 

13 

35 

80 

2  

31 

77 

32 

83 

34 

30 

31 

67 

32 

93 

34 

97 

31 

13 

33 

23 

35 

00 

31 

63 

33 

40 

34.70 

31 

47 

33 

23 

35 

80 

3  

32 

40 

33 

23 

34 

97 

32 

17 

33 

53 

35 

37 

31 

57 

33 

67 

35 

30 

32 

27 

34 

00 

35.07 

31 

87 

33 

73 

36 

10 

4   

32 

43 

33 

30 

34 

90 

32 

17 

33 

50 

35 

33 

31 

83 

33 

80 

35 

37 

32 

20 

34 

03 

35  10 

31 

97 

33 

57 

35 

93 

6  

31 

57 

32 

70 

34 

43 

31 

43 

32 

87 

34 

80 

31 

10 

33 

23 

35 

10 

31 

43 

33 

43 

34.80 

31 

47 

33 

20 

35 

90 

32 

43 

33 

33 

35 

03 

32 

50 

33 

50 

35 

37 

31 

63 

33 

90 

35 

60 

32 

33 

34 

10 

35.40 

32 

17 

34 

00 

36 

47 

8   

32 

70 

33 

60 

35 

10 

32 

50 

33 

80 

35 

70 

31 

80 

34 

10 

35 

80 

32 

40 

34 

20 

35.10 

32 

20 

34 

10 

36 

50 

9  

31 

80 

32 

95 

34 

35 

31 

65 

32 

90 

34 

85 

31 

20 

33 

30 

34 

95 

31 

60 

33 

30 

34.75 

31 

50 

32 

80 

35 

70 

10  

32 

03 

33 

00 

34 

53 

31 

83 

32 

97 

34 

93 

31 

53 

33 

47 

35 

10 

31 

87 

33 

43 

34.67 

31 

63 

33 

30 

35 

83 

11  

32 

13 

33 

07 

34 

43 

31 

80 

33 

03 

34 

97 

31 

30 

33 

30 

34 

97 

31 

83 

33 

40 

34.67 

31 

70 

33 

23 

35 

67 

13  

32 

57 

33 

53 

34 

90 

32 

13 

33 

53 

35 

20 

31 

60 

33 

83 

35 

13 

32 

10 

33 

83 

34.93 

31 

90 

33 

47 

35 

97 

14   

32 

50 

33 

40 

34 

93 

32 

23 

33 

50 

35 

20 

31 

50 

33 

60 

35 

07 

32 

00 

33 

77 

35.07 

32 

10 

33 

63 

35 

83 

15  

32 

70 

33 

40 

34 

93 

32 

20 

33 

53 

35 

07 

31 

47 

33 

63 

35 

13 

32 

03 

33 

83 

34.83 

31 

73 

33 

27 

35 

73 

16  

32 

63 

33 

53 

34 

87 

32 

10 

32 

34 

23 

31 

80 

33 

77 

35 

17 

32 

10 

33 

83 

34.97 

31 

83 

33 

67 

35 

87 

17  

32 

33 

33 

37 

34 

90 

32 

07 

33 

% 

34 

77 

31 

90 

33 

70 

35 

03 

32 

20 

33 

90 

34.87 

31 

90 

33 

33 

35 

73 

18  

32 

27 

33 

80 

34 

83 

32 

17 

33 

63 

34 

97 

31 

87 

33 

60 

35 

17 

32 

17 

34 

00 

35.00 

32 

00 

33 

30 

35 

60 

20  

32 

97 

33 

93 

35 

03 

33 

03 

34 

03 

35 

57 

32 

13 

33 

87 

35 

50 

32 

73 

34 

10 

35.27 

32 

13 

33 

53 

35 

90 

21  

33 

48 

34 

13 

35 

40 

33 

23 

34 

23 

35 

60 

32 

27 

34 

10 

35 

60 

32 

87 

34 

30 

35.33 

32 

13 

33 

50 

35 

97 

22  

33 

27 

34 

17 

35 

33 

33 

17 

34 

23 

35 

50 

31 

97 

33 

90 

35 

40 

32 

80 

34 

07 

35.10 

32 

03 

33 

47 

35 

63 

23  

33 

17 

34 

10 

35 

37 

33 

03 

34 

10 

35 

50 

31 

97 

33 

83 

35 

20 

32 

80 

34 

17 

35.13 

32 

00 

33 

30 

35 

70 

24  

33 

13 

34 

00 

35 

27 

33 

00 

34 

00 

35 

30 

32 

00 

33 

87 

35 

20 

32 

87 

34 

23 

35.17 

32 

03 

33 

37 

35 

70 

25   

33 

27 

34 

10 

35 

30 

33 

10 

34 

07 

35 

53 

32 

07 

33 

97 

35 

33 

32 

93 

34 

20 

35.23 

32 

03 

33 

37 

35 

80 

27  

33 

10 

33 

90 

35 

13 

32 

83 

33 

93 

35 

13 

31 

90 

33 

93 

35 

07 

32 

80 

34 

00 

35.00 

31 

80 

33 

07 

35 

53 

28  

32 

50 

33 

43 

34 

93 

31 

87 

33 

37 

35 

03 

31 

93 

33 

80 

35 

07 

32 

63 

34 

03 

35.03 

31 

90 

33 

17 

35 

53 

29  

31 

13 

32 

90 

34 

73 

29 

70 

32 

67 

34 

80 

31 

47 

33 

83 

35 

13 

31 

93 

33 

90 

34.90 

30 

97 

33 

23 

35 

63 

30  

31 

03 

32 

20 

34 

03 

30 

67 

32 

13 

34 

20 

31 

10 

33 

17 

34 

77 

31 

33 

33 

20 

34.27 

30 

87 

32 

87 

35 

07 

31  

31 

67 

32 

50 

33 

93 

31 

30 

32 

17 

33 

90 

31 

13 

33 

20 

34 

80 

31 

70 

33 

17 

34.30 

31 

30 

32 

93 

35 

23 

Average. . . 

32.39 

33.38 

34.82 

32.11 

33.41 

35.08 

31.64 

33.66 

35.18 

32.19 

33.82 

34.94 

31.78 

33.36 

35.78 

Digitized  by 
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TABLE  3.-AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED  WITH  SAND. 

FEBRUARY,  1913. 


Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

Dste. 

12* 

18' 

6 

12* 

18' 

6'  j 

12-  1 

1 

18' 

6' 

12* 

18* 

6' 

12* 

18' 

1 

29 

26 

1 

32.23 

34 

16 

30 

86 

32 

80 

34 

30 

31 

00 

33 

23I 

34 

90 

31 

26 

33  26 

34 

50 

29 

63 

33 

10 

35.23 

3  

28 

63 

30.36 

33 

19 

lO 

27 

83 

30 

93 

33 

53 

29 

26 

32 

63' 

34 

20 

29 

30 

32^46 

33 

80 

28 

20 

32 

40 

35!  00 

4  

27 

66 

30  10 

33 

16 

26 

00 

DO 

oo 

70 

28 

96 1 

Q9 
o£ 

34 

30 

29 

13 

32.53 

33 

86 

27 

36 

32 

80 

35.06 

24 

33 

27!  96 

32 

56 

21 

30 

28 

23 

33 

10 

26 

261 

32 

00' 

33 

86 

26 

66 

31.86 

33 

16 

23 

73 

32 

as 

34.. 56 

6  

22 

96 

26.26 

31 

90 

19 

86 

26 

63 

32 

73 

24 

66 

31 

46 

33 

60 

25 

06 

31.36 

33 

00 

21 

80 

31 

73 

34.40 

7 

25 

86 

27.70 

31 

73 

23 

86 

28 

00 

32 

76 

25 

93! 

31 

3o| 

33 

43 

26 

20 

30  96 

32 

83 

24 

13 

31 

63 

34  4  6 

8  

26 

70 

28  20 

31 

20 

25 

83 

28 

73 

32 

06 

26 

40 

30 

83 

33 

03 

26 

40 

30.16 

32 

30 

25 

46 

31 

16 

34!00 

10  

25 

30 

27^20 

31 

20 

24 

06 

28 

03 

31 

90 

25 

8O1 

30 

40 

32 

86 

26 

06 

29.96 

31 

96 

24 

16 

30 

56 

33  66 

11  

28 

20 

29.06 

30 

66 

28 

40 

29 

50 

31 

20 

27 

46 

29 

31 

76 

27 

93 

29.73 

31 

26 

27 

80 

30 

16 

33.10 

12  

24 

30 

26.86 

30 

96 

22 

10 

27 

46 

31 

70 

25 

36| 

30 

32 

33 

25 

70 

29.76 

31 

56 

23 

03 

29 

86 

33.40 

13 

22 

43 

25.20 

30 

46 

19 

60 

25 

96 

30 

90 

23 

30' 

29 

43| 

32 

26 

23 

93 

28  93 

31 

36 

20 

50 

28 

30 

33  06 

14  

24 

93 

26.53 

30 

23 

23 

73 

27 

23 

30 

90 

24 

80, 

29 

03 1 

32 

10 

25 

10 

28^53 

31 

03 

23 

50 

28 

03 

32^70 

15  

29 

00 

29.63 

30 

66 

29 

13 

29 

93 

31 

00 

27 

90 1 

29 

601 

31 

43 

28 

80 

29.23 

30 

76 

28 

13 

29 

16 

32.40 

17  

29 

30 

30  03 

31 

10 

29 

06 

30 

03 

31 

20 

28 

46 

30 

03, 

31 

53 

28 

66 

29.90 

30 

93 

.28 

40 

29 

73 

32.30 

18 

28 

23 

29.27 

31 

03 

27 

57 

29 

20 

31 

23 

27 

87| 

29 

97' 

31 

50 

28 

37 

29.97 

30 

93 

27 

17 

29 

63 

19  

30 

57 

30.70 

31 

10 

30 

70 

31 

07 

31 

43 

29 

17 

.30 

0:! 

31 

50 

29 

33 

29.83 

31 

07 

30 

10 

30 

17 

32.50 

20  

31 

57 

31.57 

31 

47 

31 

37 

31 

60 

31 

63 

29 

93 

30 

97 

31 

70 

30 

40 

30.73 

31 

23 

30 

60 

30 

53 

32.33 

21  

32 

17 

32.57 

32 

20 

31 

97 

32 

30 

32 

47 

30 

97 

31 

57 

32 

53 

31 

.57 

31.43 

32 

00 

31 

43 

31 

20 

32.97 

22   

31 

83 

31.93 

32 

a3 

31 

63 

31 

93 

31 

93 

30 

701 

31 

20- 

32 

13 

31 

27 

31.23 

31 

70 

31 

27 

30 

97 

32.70 

24  

32 

00 

32.00 

32 

05 

31 

75 

32 

00 

32 

15 

31 

ool 

31 

30 

32 

05 

31 

65 

31.65 

31 

85 

31 

35 

31 

15 

32.85 

25  

31 

57 

31.83 

31 

67 

31 

43 

31 

73 

31 

97 

30 

67 1 

31 

or' 

31 

87 

30 

90 

31.37 

31 

60 

31 

13 

31 

00 

32.67 

26  

31 

63 

31.73 

31 

77 

31 

30 

31 

60 

31 

97 

30 

471 

31 

10 

31 

77 

30 

63 

31.23 

31 

63 

31 

23 

31 

03 

32.50 

27  

31 

57 

31.77 

31 

97 

31 

53 

31 

83 

32 

33 

30 

63 

31 

30 

32 

10 

30 

90 

31.13 

31 

70 

31.33 

31 

13 

32.97 

2i  

31 

73 

31.97 

31 

83 

31 

47 

31 

80 

32 

10 

30 

47| 

31 

20 1 

31 

90 

30 

83 

31.27 

31 

70 

31 

10 

31 

00 

32.33 

Average.. . 

28.40 

29.70 

31.67 

28.01 

29.96 

32.09 

28.231 

1 

1 

30.»1 

32.53 

28.59 

30.77 

31.99 

27.61 

30.77 

33.31 

Digitized  by 
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TABLE  4.-A\'ERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND, 

MARCH.  1913. 


Gravel. 

Sand. 

Loam. 

Clay. 

PeaL 

Date. 

12* 

18' 

12* 

18' 

6' 

12* 

18* 

18* 

12* 

18 

1  

31.47 

31.70 

31.80 

31.43 

31.67 

32.13 

30.17 

31.07 

31.77 

30.67 

31.27 

31.47 

30.90 

30.87 

32.23 

31.60 

31.77 

31.87 

30.87 

31.63 

32.17 

30.00 

31.10 

31.77 

30.27 

31.13 

31.67 

30.13 

80.87 

32.33 

4  

31.77 

31.93 

32.20 

31.17 

31.80 

32.43 

30.47 

31.40 

32.23 

30.87 

31.47 

'31.90 

30.53 

31.07 

33.70 

5  

31  77 

32  10 

32  33 

30  87 

31  77 

32  60 

30  13 

31  23 

32  00 

30  70 

31  30 

31  77 

30  13 

30  93 

32  57 

6  

31.60 

3L87 

32^20 

3l!27 

3l!70 

32!70 

30!07 

3l!20 

31^97 

30!43 

3l!33 

3L77 

30!03 

30!83 

32!63 

7  

31.70 

32.00 

32.43 

30.70 

31.70 

32.70 

30.00 

31.20 

32.10 

30.40 

31.53 

32.03 

29.33 

30.93 

32.73 

31.47 

32.00 

32.60 

30.47 

31.53 

32.70 

29.93 

31.27 

32.13 

30.20 

31.37 

31.97 

28.93 

30.80 

32.83 

10  

31.70 

32.03 

32.63 

31.60 

32.00 

32.47 

30.60 

31.27 

32.17 

31.20 

3,1.67 

31.93 

30.97 

31.07 

32.77 

11  

31.73 

32.00 

32.50 

31.57 

31.87 

32.40 

30.53 

31.33 

32.30 

31.40 

31.70 

32.10 

31.23 

31.07 

32.83 

12  

32.33 

32.53 

33.00 

32.03 

32.40 

32.87 

31.07 

31.83 

32.77 

31.63 

32.00 

32.50 

31.70 

31.50 

33.10 

13 

32.30 

32.60 

32.90 

31.90 

32.27 

32.87 

31.10 

31.70 

32.60 

31.80 

31.93 

32.63 

31.73 

31.43 

32.97 

15  

32.90 

32.60 

32.97 

32.57 

32.30 

33.03 

31.73 

31.90 

32.53 

32.60 

32.17 

32.60 

32.17 

31.70 

33.13 

31  77 

32  43 

32  90 

ok  .OO 

31.63 

10  R7 

10  17 

10  n7 

10  A1 

10  in 

31  63 

33  00 

1»  

32^07 

32.23 

32^77 

32.17 

32.00 

32.80 

31.43 

31.57 

32.23 

31.97 

31.87 

32.10 

31.77 

31.33 

32^77 

19  

38.87 

33.80 

33.00 

39.37 

33.70 

33.03 

32.67 

31.60 

32.27 

33.43 

32.13 

32.43 

32.00 

31.53 

32.93 

43.27 

37.90 

35.03 

43.67 

37.90 

35.30 

36.13 

31.93 

32.70 

37.93 

32.27 

32.70 

32.10 

31.63 

33.03 

21  

36.37 

36.34 

35.70 

36.47 

36.27 

35.80 

33.43 

32.03 

32.77 

34.87 

32.33 

32. n 

32.20 

31.90 

33.27 

22  

33.73 

34.03 

34.50 

33.70 

34.13 

34.57 

32.07 

32.10 

32.93 

33.13 

32.37 

32.80 

32.27 

31.90 

33.23 

24  

46.57 

39.80 

35.83 

46.17 

38.77 

35.73 

41.23 

31.63 

32.37 

42.20 

32.00 

32.60 

31.93 

31.60 

33.17 

25  

35.20 

37.40 

37.60 

35.07 

37.33 

37.37 

33.00 

31.90 

32.90 

34.83 

32.63 

32.73 

31.97 

31.70 

33.13 

26  

32.83 

34.87 

35.73 

32.47 

34.73 

35.67 

31.40 

31.53 

32.80 

32.40 

32.90 

33.17 

31.63 

31.20 

32.87 

27  

32.83 

34.33 

35.27 

32.50 

34.17 

35.30 

31.50 

31.67 

32.93 

32.47 

33.03 

33.47 

31.83 

31.40 

33.07 

28  

32.77 

33.97 

34.90 

32.33 

33.87 

34.87 

31.40 

31.70 

32.93 

32.53 

33.17 

33.53 

31.73 

31.50 

33.23 

29  

32.67 

33.50 

34.47 

32.07 

33.37 

34.37 

31.03 

31.97 

33.10 

32.70 

33.60 

33.87 

32.08 

31.73 

33.37 

31  

42.75 

39.70 

37.75 

42.93 

39.13 

37.10 

39.67 

31.17 

32.70 

41.17 

37.03 

35.60 

31.83 

31.07 

32.87 

Average... 

34.16 

33.81 

33.78 

33.88 

33.60 

33.84 

32.10 

31.58 

32.46 

32.95 

32.25 

32.57 

31.33 

31.33 

32.91 

Digitized  by 
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TABLE  5.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND. 

APRIL,  1913. 


Gravel  ■ 

8m 

Id. 

Ua 

m. 

Clay. 

PeaL 

Date. 

12* 

18' 

12* 

18* 

6' 

12* 

18' 

6' 

12* 

18* 

12* 

18' 

1  

43 

97 

40.30 

39 

03 

43 

87 

39 

80 

38 

97 

39 

00 

32 

97 

34 

67 

40 

83 

38 

63 

37 

77 

32 

63 

31 

97 

34.00 

2  

40 

70 

40.40 

39 

63 

40 

17 

39 

93 

39 

30 

38 

57 

37 

20 

36 

27 

39 

43 

38 

90 

37 

97 

32 

47 

32 

00 

33.83 

3 

45 

77 

41 .23 

39 

90 

46 

23 

40 

60 

39 

80 

42 

93 

38 

77 

37 

90 

42 

77 

39 

03 

38 

20 

33 

00 

31 

80 

33.97 

4 

50 

67 

45  97 

42 

90 

49 

97 

46 

03 

42 

67 

49 

97 

42 

97 

39 

67 

49 

53 

43 

13 

40 

67 

34 

90 

32 

20 

34!  40 

5 

40 

47 

41  70 

42 

20 

40 

57 

41 

77 

42 

30 

40 

33 

42 

43 

40 

97 

40 

57 

42 

33 

41 

67 

33 

10 

32 

13 

34*77 

7  

39 

97 

39.97 

40 

37 

40 

10 

40 

20 

40 

43 

38 

07 

39 

70 

39 

80 

38 

03 

39 

37 

39 

60 

33 

13 

32 

00 

35.20 

8  

42 

00 

40.00 

39 

97 

41 

97 

39 

70 

40 

20 

38 

97 

39 

37 

39 

57 

38 

60 

38 

90 

39 

43 

32 

97 

31 

90 

35.43 

g 

40 

27 

40.00 

40 

23 

40 

10 

39 

87 

39 

87 

37 

53 

39 

20 

39 

07 

38 

23 

39 

23 

38 

97 

32 

77 

31 

67 

35.10 

10 

41 

90 

40^30 

40 

10 

41 

63 

40 

23 

40 

20 

39 

87 

39 

13 

39 

17 

40 

27 

39 

17 

39 

07 

33 

27 

31 

83 

35!  10 

11 

43 

10 

42^37 

41 

23 

42 

97 

42 

13 

41 

13 

60 

40 

87 

39 

63 

42 

77 

41 

00 

40 

07 

35 

00 

31 

97 

35*50 

12 

40 

73 

41  13 

41 

00 

40 

30 

40 

93 

40 

93 

40 

57 

40 

87 

40 

20 

40 

87 

41 

00 

40 

60 

34 

23 

32 

00 

36  43 

14  

46 

37 

43^17 

42 

17 

46 

40 

42 

73 

42 

03 

43 

47 

41 

67 

40 

87 

43 

00 

41 

63 

41 

20 

36 

07 

31 

97 

36!  17 

16  

48 

23 

43.50 

42 

43 

48 

00 

43 

10 

42 

27 

44 

40 

42 

03 

41 

13 

43 

63 

41 

80 

41 

60 

36 

57 

32 

37 

36.43 

52 

00 

46.23 

43 

70 

51 

03 

46 

57 

43 

53 

47 

70 

43 

23 

41 

43 

46 

93 

43 

30 

42 

03 

36 

63 

32 

20 

36.73 

17  

53 

03 

47.63 

46 

27 

51 

67 

46 

60 

44 

63 

48 

70 

44 

50 

42 

93 

48 

40 

44 

67 

43 

37 

37 

33 

32 

57 

37.30 

18  

57 

87 

51.00 

46 

73 

56 

17 

49 

50 

46 

20 

63 

47 

46 

43 

43 

83 

52 

87 

46 

80 

44 

77 

39 

73 

32 

73 

37.30 

19  

52 

40 

50.00 

48 

00 

51 

60 

49 

13 

47 

40 

49 

67 

47 

80 

46 

07 

49 

77 

48 

03 

46 

47 

40 

57 

33 

10 

38.00 

21  

48 

60 

46.27 

46 

07 

47 

47 

46 

87 

46 

67 

45 

77 

45 

73 

44 

97 

45 

63 

46 

80 

46 

37 

41 

00 

39 

37 

41.47 

22  

55 

47 

49.13 

46 

47 

64 

30 

48 

20 

46 

27 

61 

63 

46 

27 

44 

70 

61 

13 

46 

13 

46 

13 

45 

63 

41 

93 

42.37 

23  

61 

57 

54.00 

49 

63 

61 

27 

62 

93 

48 

83 

58 

43 

49 

63 

46 

40 

67 

37 

49 

83 

47 

60 

51 

47 

45 

00 

44.00 

24  

62 

57 

65.97 

61 

50 

62 

13 

64 

83 

60 

73 

59 

87 

51 

83 

48 

00 

68 

37 

62 

03 

49 

30 

54 

37 

47 

37 

45.23 

25  

58 

43 

56.50 

63 

23 

57 

90 

66 

63 

52 

70 

57 

60 

54 

07 

49 

87 

67 

40 

64 

20 

51 

53 

56 

87 

60 

13 

47.17 

26  

49 

97 

61.03 

50 

77 

49 

67 

60 

50 

50 

33 

50 

63 

51 

67 

49 

73 

50 

90 

61 

60 

60 

70 

61 

97 

49 

03 

48.17 

28  

46 

43 

45.70 

46 

43 

46 

77 

46 

63 

46 

43 

45 

97 

46 

83 

47 

37 

46 

87 

46 

57 

47 

10 

45 

27 

48 

20 

48.47 

29  

50 

73 

46.73 

46 

33 

51 

13 

46 

80 

46 

60 

47 

70 

46 

37 

46 

60 

46 

97 

46 

27 

46 

67 

46 

73 

47 

60 

47.90 

30  

56 

67 

60.30 

48 

13 

66 

23 

49 

90 

48 

07 

52 

53 

47 

97 

46 

73 

51 

30 

47 

63 

47 

07 

49 

23 

47 

60 

47.53 

Average. . . 

48.84 

45.83 

44.36 

48.40 

45.31 

44.13 

46.38 

43.83 

42.56 

46.21 

44.11 

43.22 

39.76 

37.06 

39.11 

Digitized  by 
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TABLE  6.-AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND, 

MAY,  1913. 


Qravela 

Sand. 

Loai 

m. 

Clay. 

Peat. 

Date. 

12' 

18' 

6' 

12* 

18* 

18' 

6' 

12* 

18' 

6' 

- 

1 

62 

00 

54  33 

50 

53 

61 

27 

53 

67 

50 

20 

57 

47 

50 

33 

47 

83 

56 

20 

50  47 

48 

63 

52 

90 

48 

57 

47 

53 

2  

65 

80 

57^67 

53 

13 

64 

70 

56 

63 

52 

53 

61 

43 

53 

07 

49 

50 

59 

87 

53^20 

50 

87 

56 

17 

50 

17 

48 

30 

3  

66 

97 

60.23 

55 

37 

65 

67 

59 

13 

54 

63 

63 

43 

55 

63 

51 

40 

62 

50 

55.50 

53 

17 

58 

90 

62 

13 

49 

53 

5 

67 

63 

62.53 

58 

13 

66 

70 

61 

50 

57 

23 

65 

13 

58 

80 

54 

37 

64 

63 

59  03 

56 

17 

62 

00 

55 

67 

52 

37 

g 

64 

50 

6o!97 

58 

03 

64 

30 

60 

13 

57 

17 

63 

77 

59 

20 

55 

27 

62 

93 

59  17 

56 

87 

62 

33 

57 

03 

53 

70 

7 

61 

03 

57  57 

56 

47 

60 

57 

58 

97 

56 

00 

59 

43 

57 

73 

55 

40 

58 

13 

57  33 

56 

37 

59 

53 

57 

60 

54 

73 

8  

60 

07 

57^10 

56 

00 

59 

57 

56 

60 

55 

47 

58 

13 

56 

90 

54 

80 

57 

07 

56^30 

55 

47 

58 

17 

57 

17 

55 

03 

10  

56 

33 

54.57 

54 

67 

55 

73 

54 

03 

54 

33 

54 

13 

54 

93 

54 

47 

53 

10 

64.07 

54 

63 

54 

57 

56 

40 

55 

53 

12 

57 

33 

55.70 

55 

30 

56 

53 

55 

10 

54 

47 

56 

27 

5.5 

53 

53 

90 

55 

00 

54  70 

54 

07 

54 

43 

54 

50 

54 

13 

13 

60 

73 

5703 

55 

70 

59 

97 

55 

77 

54 

60 

59 

03 

55 

80 

53 

73 

58 

23 

55  23 

54 

03 

55 

80 

54 

17 

53 

77 

14 

58 

17 

56.60 

56 

10 

58 

73 

56 

37 

55 

17 

57 

73 

56 

67 

54 

30 

57 

23 

56.20 

54 

83 

56 

83 

54 

83 

53 

73 

15 

59 

73 

56  40 

55 

40 

60 

43 

56 

47 

54 

90 

58 

07 

55 

77 

54 

10 

58 

53 

56  73 

54 

67 

57 

43 

55 

03 

54 

10 

16  

59 

57 

57^43 

56 

67 

60 

50 

57 

70 

56 

03 

58 

80 

57 

08 

54 

57 

58 

77 

56 '.97 

55 

47 

58 

83 

56 

00 

54 

47 

17  

60 

73 

57.70 

56 

73 

61 

23 

57 

97 

56 

33 

58 

70 

57 

00 

54 

77 

58 

83 

56.83 

55 

60 

58 

73 

56 

40 

54 

97 

19  

62 

37 

58.33 

57 

13 

61 

90 

57 

97 

56 

37 

59 

57 

56 

80 

55 

03 

57 

77 

55.93 

55 

37 

58 

13 

56 

57 

55 

43 

20  

60 

87 

59.63 

58 

70 

60 

27 

59 

03 

57 

67 

59 

83 

58 

57 

55 

80 

57 

73 

57.50 

56 

17 

58 

97 

56 

90 

55 

50 

21  

61 

27 

58.57 

57 

53 

61 

10 

58 

20 

56 

63 

59 

70 

57 

47 

55 

57 

58 

77 

56.53 

55 

70 

58 

23 

56 

63 

55 

57 

22  

58 

87 

58.73 

58 

33 

58 

07 

58 

40 

57 

50 

59 

17 

68 

63 

56 

03 

58 

57 

58.27 

56 

73 

59 

87 

57 

23 

55 

77 

23  

55 

83 

55.77 

55 

80 

55 

60 

55 

40 

55 

47 

55 

73 

56 

33 

55 

57 

55 

30 

55.87 

55 

80 

57 

23,  56 

97 

56 

03 

24  

61 

90 

57.57 

56 

10 

62 

43 

57 

37 

55 

40 

59 

63 

56 

10 

54 

67 

59 

00 

55.90 

55 

00 

58 

271  56 

37 

55 

73 

26  

51 

83 

53.33 

54 

33 

51 

10 

52 

87 

54 

37 

52 

20 

54 

97 

M 

97 

51 

60 

54.00 

55 

00 

54 

53 

56 

37 

55 

70 

27  

58 

97 

54.90 

53 

90 

59 

70 

55 

03 

53 

07 

58 

83 

53 

97 

53 

43 

56 

57 

53.70 

53 

53 

55 

50 

54 

97 

55 

17 

28  

64 

77 

59.03 

57 

00 

64 

90 

59 

03 

56 

13 

61 

50 

56 

47 

54 

07 

60 

77 

56.23 

54 

67 

58 

73 

55 

37 

54 

70 

29  

64 

47 

61.83 

60 

37 

63 

97 

61 

30 

58 

87 

63 

17 

59 

93 

56 

13 

62 

07 

59.37 

57 

03 

61 

40  57 

07 

55 

13 

30  

60 

03 

58.97 

58 

57 

59 

43 

58 

37 

57 

67 

59 

90 

58 

93 

56 

90 

59 

70 

58.43 

57 

43 

59 

90 

57 

73 

56 

00 

31  

64 

37 

60.30 

59 

03 

65 

17 

60 

27 

58 

00 

62 

60 

59 

20 

56 

83 

62 

40 

59.13 

57 

43 

61 

33 

03 

56 

53 

Average... 

61.01 

57.80 

56.35 

60.75 

57.43 

55.65 

59.36 

56.61 

54.36 

58.51 

56.22 

55.03 

68.03 

56.61 

64.20 

Digitized  by 
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TABLE  7.-AVEBAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND. 

JUNE,  1913. 


Date. 


2. 
3. 
4. 
.5. 

6. 

7., 
9. 

10. 

II. 

12., 

13., 
14., 
16.. 
17., 
18,. 


70.17 
72.50 
70.70 
71.30 
74.77 

64.27 
62.83 
68.57 
69.23 
70.97 

73.23 
76.37 
82.97 
81.03 
79.60 


19   79.07 

20   75.00 

21   70.77 

23   76.70 

24  ,  78.90 

25   81.53 

26  1  82.80 

27.....  I  85.47 

28   87.83 

30   86.33 


GraVel.  . 


6*      12*  18' 


65.17 
67.17 
66.40 
66.73 
69.07 

65.70 
60.27 
62.10 
64.67 
69.50 

67.87 
70.00 
76.13 
75.90 
75.07 

75.33 
73.17 
70.17 
71.50 
73.90 

76.27 
77.33 
79.73 
81.30 
81.87 


64.77 
64.87 
65.07 
66.73 

60.93' 


Sand. 


6"      12*  18' 


69.70  64.40| 
71.731  66.27i 


69.60' 
70.  M 
73,70' 


65.431 
65.63 
68.07 


I 


61.40 
62.83 
63  a3 
63.27 
64.60; 


6*      12*  18' 


07.13 
69.83 
68.80 
67.47 
72.53 


63.13' 
61. 93 I 
60.931  65.67 
63.07  67.97 
64,601  69.07' 


64.70  64.57! 


59.47 
61.30 
63.73 
64.97 


65.90. 
67.631 
72.57 
73.63; 
73.20| 

73.73 
72.27 
69.871 
69.70- 
71.83| 

73.93' 
75.171 
77.07' 
78.70 
79.001 


71.731  66.67 

74.401  68.60 

79.70.  73.80 

80.47|  74.67 

78.87  74.00 
I 

77.971  74.27 

74.20  72.10 

70.671  69.17 

76.60'  70.93 

77.13|  73.07 

79.90I  75.27 

80.63i  78.40 


83.77 
85.031 
83.93, 


78.40 
79.87 
80.07 


59. 33 I 
59.90 
61.70' 
62.80| 

63.97 
65.30 


62.53 
64.57 
64.97 
65.43 
66.90 


65.73  67.07 

61.73  60  .93 

64.70  61.37 

62.23  63.13 

68.90  64.57 


71.03 
73.87 
69.33!  80.17 
70.57  79.80 
70.73j  78.63 

71.231  78.37 

70.30  75.47 

68.431  71.67 

68.37  74  .57 

70.07j  77.00 

71.771  79.80 
72.83  81.07 
74.301  83.63 
75.67,  85.83 
77.10  85.10 


66.00 
67.73 
72.63 
74.17 
74.03 

74.60 
73.63 
71.30 
70.23 
72.07 

74.20 
76.47 
77.27 
79.00 
80.60 


CIcy. 


6'      ir  18' 


62.63 
63.53 
66.93 
68.60 
69.30 

69.87 
69.93 
68.97 
67.27 
68.33 

69.47 

70.87 
71.87 
73.37 
75.67 


65.03 
67.90 
66.63 
67.47 
71.50 

64.67 
60.43 
63.40 
66.00 
67.80 

70.23 
73.10 
79.70 
78.77 
76.93 

76.83 
74.50 
71.07 
72.80 
75.23, 

78.37! 
79.80 
82.37 
84.40 
83.47 


61.73 
63.63 
63.80 
64.17 
66.10 

66.00 
57.77 
60.23 
62.33 


65.33 
67.27 
72.63 
73.90 
72.97 

73.47 
72.63 
70.37 
69.17 
70.90 

73  30 
74.73 
76.63 
78.33 
79.47 


59.67 
61.00 
61.93 
62.33 
63.13 

64.47 
60.10 
59.53 
60.73 
61.80 

63.03 
64.40 
68.27 
69.97 
70.27 

70.53 
70.37' 
69.30 
67.53 
68.67 

70.07' 
71. 40: 
72.831 
73.87 
76.37 


Peat. 


6*      12*  18' 


64.10 
65.97 
65.53 
65.70 
67.93 


60.07 
61.17 
62.17 
62.60 
63.27 


66.67  64.40 
60.30i  61.60 


61.27 
63.27 
64.37 

65.90 
67.80 
73.27 
75.27 
75.00 

75.50 
74.53 
72.23 
71.80 
73.50 

75.83 
77.23 
79  M 
80.37 
81.07 


60.80 
60.97 
61.57 

62.40 
63.43 
66.90 
68.90 
70.17 

71.03 
71.43 
71.00 


67.60 
58.53 
60  43 
61.20 
61.70 

62.47 
61.60 
60.47 
59.90 
60.17 

60.70 
61.40 
63.87 
65.37 
66.83 

67.73 
68.50 
68.73 


69.40  67.80 
68.03 


70.80 
72.03 
73.43 
74.73 
77.23 


68.47 
68.90 


70.97 
73.43 


Average...  75.72 


71.29 


I 

68.32|  74.30|  70.13 


67.34 


73.80 


88.78 


66.88 


72.74  68.82 

I 


66.46  70.64 


66.85 


M.58 


Digitized  by 
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TABLE  8.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  BAND. 

JULY,  1913. 


Gravel. 

Send. 

Lea 

m. 

Clay. 

Pel 

iL 

Date. 

6' 

12* 

18' 

ir 

18' 

18* 

6 

r 

12' 

18' 

6' 

12* 

18* 

I  

84.21 

80.47 

78 

87 

82 

60 

79 

00 

76 

60 

83 

67 

80 

03 

75 

70 

82 

07 

78 

53 

76.30 

80 

63 

77 

57 

74 

17 

2  

81.50 

80.20 

78 

23 

82 

27 

78 

83 

76 

03 

83 

67 

79 

33 

75 

27 

81 

77 

78 

13 

75.57 

79 

93 

77 

17 

74 

23 

3 

83.00 

81.33 

79 

20 

83 

27 

79 

33 

76 

70 

84 

80 

80 

00 

75 

6J 

83 

23 

78 

83 

76  07 

80 

37 

77 

37 

74 

50 

4 

86. 10 

82.63 

80 

70 

83 

23 

81 

07 

77 

97 

85 

83 

81 

37 

76 

43 

84 

07  80 

37 

77.03 

81 

83 

77 

83 

74 

60 

5 

79.33 

78.50 

78 

23 

77 

50 

77 

43 

76 

40 

79 

90 

79 

67 

76 

43 

79 

lOj  78 

57 

76.83 

79 

47 

77 

97 

75 

07 

7 

73-  6t) 

70.87 

71 

00 

72 

13 

69 

70 

70 

43 

72 

27 

72 

33 

72 

13 

70 

43 

70 

60 

71  63 

71 

40 

74 

27 

73 

77 

8  

74^03 

72.27 

71 

93 

72 

67 

71 

43 

70 

87 

73 

60 

72 

63 

70 

90 

71 

63 

71 

03 

70  67 

72 

(13 

72 

63 

72 

17 

9  

77.30 

72.87 

71 

7n 
<u 

76 

10 

70 
l£ 

27 

70 

63 

75 

53 

72 

Tn 

40 

74 

20 

71 

13 

70  30 

72 

90 

71 

90 

71 

07 

10 

76.70 

73.30 

72 

40 

73 

37 

72 

43 

71 

30 

75 

53 

72 

93 

70 

73 

73 

60 

71 

50 

70  73 

72 

83 

71 

90 

70 

63 

11 

76  80 

73.60 

72 

60 

75 

00 

72 

53 

71 

47 

75 

77 

73 

40 

70 

90 

73 

83 

71 

87 

71.27 

72 

67 

71 

83 

70 

47 

12  . 

77.53 

74.70 

73 

60 

76 

13 

74 

03 

72 

33 

76 

70 

74 

20 

71 

30 

75 

13 

72 

93 

71.47 

73 

97 

71 

03 

70 

47 

14 

79  63 

75  7ft 

73 

80 

77 

97 

74 

67 

72 

70 

77 

80 

74 

40 

71 

57 

76 

33 

73 

27 

71  80 

73 

90 

72 

20 

70 

67 

80.53 

76  57 

75 

33 

78 

03 

75 

67 

73 

60 

79 

10 

75 

57 

72 

17 

77 

77 

74 

53 

72/63 

75 

63 

72 

77 

70 

87 

16  

80.50 

77.30 

76 

10 

78 

03 

76 

43 

74 

40 

79 

43 

76 

27 

72 

97 

77 

93 

75 

27 

73.37 

76 

27 

73 

70 

71 

37 

17  

76.50 

74.70 

74 

67 

74 

20 

73 

77 

73 

73 

75 

63 

75 

57 

73 

30 

76 

37 

74 

63 

73.47 

74 

37 

73 

83 

71 

97 

18.  

78.87 

74.90 

73 

73 

79 

87 

75 

03 

72 

90 

77 

20 

74 

33 

72 

17 

76 

33 

73 

73 

72.63 

75 

63 

73 

73 

72 

03 

19  

79  43 

75.70 

74 

50 

79 

10 

75 

53 

73 

73 

77 

17 

74 

67 

72 

13 

75 

63 

73 

70 

72.60 

74 

70 

73 

83 

72 

07 

21  

77.70 

74.37 

73 

63 

76 

13 

73 

47 

72 

50 

75 

90 

73 

90 

72 

00 

74 

10 

72 

50 

71.97 

73 

27 

72 

77 

71 

67 

22  

76.80 

74.17 

73 

73 

74 

43 

72 

83 

72 

43 

75 

03 

73 

80 

72 

00 

73 

20 

72 

27 

71.83 

72 

70 

72 

53 

71 

37 

23  

71.50 

72.63 

73 

10 

70 

00 

71 

67 

72 

13 

71 

93 

73 

47 

71 

63 

70 

33 

71 

87 

71.53 

71 

87 

72 

23 

71 

03 

24  

72.27 

70.20 

70 

10 

71 

33 

69 

50 

69 

47 

71 

50 

70 

57 

70 

07 

70 

47 

69 

43 

69.80 

70 

47 

70 

90 

70 

57 

25  

73.77 

70.53 

69 

97 

72 

03 

69 

50 

69 

73 

72 

30 

70 

47 

69 

40 

70 

87 

69 

27 

69.30 

70 

30 

70 

40 

70 

00 

26  

78.97 

74.03 

72 

50 

76 

73 

71 

97 

71 

07 

76 

80 

72 

23 

69 

73 

75 

60 

71 

43 

69.87 

73 

10 

70 

53 

69 

57 

28  

80.30 

76.50 

75 

07 

78 

93 

75 

97 

73 

43 

78 

97 

75 

33 

72 

07 

78 

30 

74 

80 

72.77 

77 

10 

73 

00 

70 

63 

29  

81.63 

77.47 

76 

03 

80 

40 

77 

00 

74 

53 

79 

73 

76 

17 

72 

87 

78 

73 

75 

53 

73.57 

77 

97 

74 

33 

71 

63 

30  

85.37 

80.13 

78 

13 

83 

57 

79 

30 

75 

97 

85 

67 

77 

80 

73 

90 

81 

93 

77 

23 

74.57 

80 

07 

75 

43 

72 

60 

31  

82.70 

80.23 

79 

13 

80 

07 

79 

10 

77 

07 

81 

63 

79 

07 

76 

03 

80 

33 

78 

13 

75.93 

79 

70 

76 

73 

73 

63 

Average. . . 

78.73 

75.77 

74.74 

77.23 

74.79 

1 

73.34|  77.89 

75.25 

72.56 

76.38 

74.11 

72.79 

75.34 

73.75 

71.96 
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TABLE  9. 


-AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND, 
AUGUST,  1913. 


Qrevel. 


6*      12*  18* 


Suid. 


8'      12'  18* 


6'      ir  18* 


Clay. 


6'      12*  18' 


Peat. 


6*      12'  18' 


79.17 
80.00 
77.20 
75.97 
75.97 
n.80 

79.00 
77.33 
69.73 


76.83 
76.50 
74.27 
73.70 
74.30 
73.63 

75.90 
75.30 
69.27 


72.63  70.33 
78.07  73.23 


80.80 
82.80 
84.07 
78.97 
77.60 

76.83 
75.67 
74.37 
72.23 
70.17 

76.33 
75.90 
71.20 
69.87 
70.97 


78.19 


76.40 
78.07 
80.43 
76.30 
75.27 

74.47 
74.90 
73.63 
70.90 
69.47 

71.83 
72.43 
71.07 
68.67 
69.17 


73.70 


76.40 
75.60 
73.93 
73.47 
73.97 
73.10 

74.90 
74.93 
70.17 
70.07 
71.97 


78.03 
77.87 
76.17 
74.40 
74.57 
76.60 

78.43 
76.87 
70.73 
73.10 
78.07 


74.80  80.60 
76.47  82.00 
78.50|  82.43 
75.60  79.43 
74.80  78.47 

74.17  77.40 

74.60  74.80 

73. 60;  74.43 

71.07  72.53 

70.031  69.47 


70.77 
71.63 
71.331 
69.031 
69.03 


76.00 
75.10 
70.00 
6&.00 
70.07 


73.23|  75.64 


76  00 
75.80 
73.57 
72.80 
73.40 
73.23 

75.43 
75.20 
69.57 
71.00 
73.37 

76.10 
77.57 
79.80 
76.10 
75.67 

74.40 
74.67 
73.67 
71.27 
69.10 

71.83 
71.90 
70.53 
68.23 
68.87 


73.43 


74.90 
74.37 
72.93 
72.50 
72.90 
72.13 

73.73 
74.40 
70.57 
70.40 
71.40 

73.60 
74.87 
76.53 
74.57 
74.43 

73.83 
73.93 
73.03 
71.33 
69.90 

70.20 
70.90 
70.70 
68.90 
68.73 


72.53 


78.63  77  03 
79.23'  76.50 


76.27 
75.00 
76.23 
76.10 

77.87 
76.77 
69.47 
71.40 
75.40 

78.63 
80.67 
83.07 
78.67 
77.03 

75.37 
75.63 
74.60 
71.47 
69.23 

73.90 
74.17 
70.67 
68.97 
69.83 


75.12 


74.73 
74.13 
74.37 
73.50 

75.10 
75.37 
71.23 
70.37 
71.53 

74.13 
76.03 
78.47 
76.43 
76.70 

74.60 
74.83 
74.07 
71.70 
70.13 

70.40 
71.30 
71.30 
69.27 
68.93 


73.50 


74.90 
74.17 
73.33 
72.67 
72.40 
71.87 

72.37 
73.17 
71.70 
69.97 
69.80 

71.00 
72.50 
74.17 
74.43 
73.83 

73.23 
73.10 
72.40 
71.40 
69.90 

69.17 
69.67 
70.00 
69.07 
68.37 


71.87 


77.40 
77.73 
76.47 
73.33 
73.73 
76.07 

77.00 
76.43 
69.00 
70.53 
74.57 

77.73 
79.93 
82.03 
78.33 
75.93 

74.20 
74.77 
74.13 
70.83 
68.30 

73.03 
73.10 
69.80 
68.27 
69.07 


74.26 


76.03 
75.13 
73.30 
72.57 
72.93 
72.43 

74.23 
74.57 
70.13 
69.50 
71.03 

73.73 
75.73 
77.83 
75.70 
74.83 

73.43 
73.90 
73.47 
70.90 
69.13 

69.90 
70.63 
70.37 
68.33 
68.20 


72.61 


75.10 
74.23 
73.17 
72.67 
72.33 
71.83 

72.70 
73.33 
71.20 
69.83 

70.03 

71.63 
73.43 
74.90 
74.53 
74.13 

73.23 
73.20 
72.73 
71.43 
69.90 

60.30 
70.10 
70.20 
69.03 
68.43 


72.02 


77.90 
77.57 
75.23 
73.73 
73.90 
73.97 


76.40 
76.10 
75.03 
74.40 
73.77 
73.20 


76.17  73.83 
75.70  74.77 
71.501  74.43 
71:67  72.77 
72.97  72.07 


75.77 
78.23 
81.03 
78.07 
77.27 

75.33 
76.07 
75.37 
71.93 
68.67 

71.40 
71.70 
71.07 
69.00 
69.20 


74.24 


72.53 
73.93 
76.57 
76.90 
76.60 

75.80 
75.03 
74.50 
73.43 
70.90 

70.03 
70.43 
70.67 
69.93 
69.33 


73.54 
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TABLE  10.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND. 

SEPTEMBER,  1913. 


Date. 


Qravel. 


Loun. 


6 

ir 

18' 

6' 

ir 

18' 

6* 

12' 

18* 

6' 

12* 

18* 

6' 

12* 

18* 

1  

72 

73 

70 

40 

69 

90 

72 

17 

70 

07 

69.30 

71 

47 

69 

77 

6S 

37 

71 

03 

69 

27 

68.63 

70 

07 

69 

27 

68 

47 

2  

77 

67 

72 

00 

71 

10 

76 

83 

72 

10 

70.10 

75 

00 

70 

63 

68 

67 

74 

67 

70 

27 

69.13 

72 

13 

69 

70 

68 

90 

79 

10 

75 

40 

74 

00 

77 

90 

74 

87 

72.47 

77 

63 

73 

80 

70 

07 

76 

80 

73 

03 

71.00 

75 

30 

71 

17 

69 

10 

4  

75 

20 

73 

83 

73 

57 

74 

20 

73 

30 

72.43 

74 

37 

73 

53 

71 

03 

73 

50 

72 

83 

71.77 

74 

47 

72 

27 

70 

20 

5  

75 

70 

72 

27 

71 

60 

75 

03 

71 

63 

70.77 

73 

93 

71 

83 

70 

53 

73 

37 

71 

00 

70.77 

73 

00 

71 

83 

70 

60 

6  

75 

83 

73 

20 

72 

40 

74 

93 

72 

37 

71.20 

74 

70 

72 

47 

70 

40 

73 

80 

71 

40 

70.77 

73 

43 

71 

77 

70 

43 

8  

73 

10 

72 

90 

72 

90 

72 

43 

72 

23 

71.87 

73 

40 

73 

30 

71 

37 

72 

87 

72 

27 

71.80 

74 

13 

72 

70 

71 

07 

9  

69 

40 

68 

40 

69 

20 

68 

57 

67 

80 

68.00 

68 

70 

69 

83 

70 

13 

67 

87 

68 

47 

70.00 

69 

43 

71 

60 

70 

97 

10  

68 

20 

67 

03 

67 

60 

67 

40 

66 

47 

67.67 

67 

17 

68 

10'  68 

60 

66 

17 

66 

63 

68.27 

67 

70 

70 

00 

70 

10 

an 

oy 

IV 

67 

43 

67 

50 

« 

93 

67 

00 

67.37 

68 

00 

67 

53 

67 

53 

67 

13 

66 

17 

67.37 

.r 

60 

68 

87 

69 

20 

12  

70 

00 

68 

53 

68 

47 

69 

13 

68 

23 

68.30 

69 

03 

68 

37 

a. 

40 

68 

13 

67 

33 

67.53 

69 

03 

68 

53 

6S 

13 

13  

65 

57 

66 

66 

80 

64 

93 

65 

73 

66.90 

65 

43 

66 

87 

67 

03 

30 

65 

70 

66.90i  66 

53 

67 

97 

68 

00 

li  

63 

87 

63 

40 

64 

13 

62 

90 

63 

07 

64.47 

62 

97 

64 

20 

64 

97 

62 

07 

62 

93 

64.63 

63 

20 

65 

67 

66 

47 

16  

63 

53 

64 

20 

64 

90 

63 

17 

M 

07 

64.97 

63 

57 

64 

701  64 

57 

63 

23 

63 

83 

64.57 

64 

23 

65 

20 

65 

43 

17  

65 

83 

64 

73 

64 

. 

« 

33 

M 

67 

64.73 

65 

03 

64 

63^  64 

17 

65 

23 

64 

13 

64.40 

65 

10 

64 

80 

64 

97 

18  

61 

37 

62 

67 

63 

33 

60 

83 

62 

40 

63.70 

61 

87 

63 

60 

64 

03 

61 

87 

02 

87 

64.17 

62 

73 

64 

57 

64 

67 

19  

62 

00 

61 

03 

61 

83 

61 

20 

60 

87 

62.20 

61 

13 

62 

03  62 

90 

61 

50 

61 

33 

62.90 

60 

93 

63 

53 

M 

17 

20  

62 

43 

62 

13 

62 

57 

62 

20 

62 

07 

62.73 

62 

o:i 

62 

47 

62 

53 

62 

00 

61 

90 

62.73 

62 

30 

63 

17 

63 

57 

22  

53 

97 

55 

47 

57 

20 

53 

40 

55 

30 

58.27 

53 

67 

57 

47 

60 

10 

53 

90 

56 

57 

59.60 

55 

63 

60 

70 

62 

73 

23  

54 

43 

54 

50 

55 

53 

54 

37 

54 

43 

56.80 

53 

37 

55 

60 

58 

13 

58 

33 

64 

87 

57.63 

53 

80 

58 

67 

61 

47 

24  

60 

93 

58 

00 

57 

63 

62 

13 

58 

67 

58.40 

58 

63 

56 

90 

57 

60 

68 

97 

56 

73 

57.60 

56 

77 

57 

73 

59 

90 

25  

61 

30 

61 

43 

60 

8.3 

64 

63 

61 

00 

61.00 

61 

77 

59 

60 

58 

90 

62 

00 

59 

60 

59.47 

59 

40 

58 

53 

59 

53 

26  

60 

93 

62 

13 

62 

47 

60 

07 

61 

97 

62.40 

60 

77 

61 

67 

60 

47 

60 

60 

61 

23 

61.30 

60 

80 

59 

73 

59 

83 

27  

58 

40 

57 

77 

58 

70 

58 

47 

57 

50 

69.27 

56 

90 

58 

37 

59 

93 

66 

77 

67 

60 

59.83 

56 

70 

59 

37 

60 

30 

29  

62 

23 

61 

03 

60 

80 

62 

13 

61 

07 

60.80 

61 

17 

60 

07 

59 

43 

61 

13 

59 

63 

59.63 

60 

07 

59 

03 

59 

83 

30...,  

64 

90 

62 

77 

62 

10 

65 

03 

62 

80 

61.77 

63 

63 

61 

47 

60 

20 

63.67 

60 

93 

60.63 

62 

43 

59 

87 

69 

97 

Average.. . 

66.50 

66.35 

66.46 

66.0B 

66.0B 

66.34 

65.56 

65.34 

64.96 

65.22 

64.56 

65.12 

65.27 

65.63 

65.68 

Clay. 


Pett. 
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TABLE  Jl.-AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND, 

OCTOBER,  1913. 


Gravel. 

Sand. 

Loam. 

Clay. 

Peat. 

Date. 

6' 

12* 

18' 

6' 

12* 

18* 

6' 

12 

18' 

6' 

- 

12* 

18* 



6' 

12' 

18* 

J 

64.07 

62.97 

62  87 

63 

63 

62  90 

62  53 

63  87 

62  07 

61  73 

63 

80 

61 

60 

61  87 

63 

03 

61 

23 

60  77 

2  

58.07 

60.47 

61.60 

57.10 

6o!oo 

6L73 

58.93 

61^67 

61^60 

58 

93 

60 

77 

61^93 

60.73 

61 

67 

6l!47 

3  

50.33 

68.60 

69.07 

59 

07 

58.40 

59.40 

58.53 

59.23 

60.13 

58 

70 

68 

60 

60.10 

59 

00 

60 

60 

61.37 

4  

59.13 

68.30 

58.73 

69 

03 

68.00 

58.97 

57.93 

58.60 

69.40 

57 

87 

67 

67 

69.33 

67 

70 

69 

90 

60.93 

6  

63.90 

61.30 

60.87 

64 

13 

61.27 

60.73 

61.90 

60.33 

59.67 

62 

03 

69 

40 

60.00 

60 

63 

69 

73 

60.13 

7  

69.83 

63  77 

62.87 

66 

57 

63.60 

62.43 

64.43 

62.10 

60.57 

64 

50 

61 

33 

61.33 

63 

17 

60 

73 

60.40 

Q 

66.13 

64.93 

64  40 

66 

73 

64  73 

Do ,  OO 

w.'to 

63  73 

61  87 

65 

63 

37 

62  60 

64 

93 

62 

00 

61  20 

9  

65.63 

64.17 

63^93 

66 

30 

63;87 

63.40 

64.93 

63  >0 

62.40 

64 

93 

63 

20 

63*03 

64 

47 

62 

73 

6L93 

10  

66.63 

64.93 

64.40 

67 

13 

64.90 

63.90 

66.00 

64.27 

62.70 

66 

97 

63 

67 

63.30 

66 

43 

63 

27 

62.63 

11  

62.90 

64.23 

64.67 

61 

93 

64.07 

64.43 

63.17 

64.73 

63.67 

63 

17 

63 

27 

63.83 

64 

87 

64 

07 

63.07 

13  

62.17 

53  60 

55.47 

51 

43 

63.27 

56.67 

52.23 

56.87 

58.93 

62 

03 

64 

03 

58.27 

53 

67 

59 

90 

62.00 

14  

53.87 

53.50 

54.43 

54 

47 

63.73 

65.80 

52.67 

54.53 

56.63 

52 

83 

52 

70 

66.10 

53 

10 

57 

37 

59.10 

15  

55.80 

55.23 

56.07 

56 

10 

55.57 

56.63 

64.6:i 

55.13 

66.10 

64 

63 

63 

60 

56.03 

64 

27 

66 

40 

58.10 

16 

64.73 

55.60 

66  43 

64 

63 

55  83 

57  13 

64  10 

55  80 

56  37 

64 

33 

64 

37 

56  43 

64 

90 

66 

37 

66  93 

17  

65.67 

56.50 

66^07 

55 

47 

66.63 

56.67 

55!00 

55  "53 

56^13 

66 

33 

54 

00 

56^23 

64 

97 

55 

97 

67;93 

18  

51r70 

54.13 

56.47 

60 

63 

54.00 

56.27 

52.20 

56.37 

66.37 

52 

33 
03 

64 

10 

56.60 

64 

13 

66 

20 

57.43 

45.83 

48.20 

50. 10 

45 

37 

48. 17 

61.40 

46.80 

49.97 

63.00 

46 

48 

47 

62.60 

48 

03 

52 

97 

66.80 

21  

46.37 

47.77 

49.23 

46 

17 

47.87 

50.53 

45.50 

48.80 

51.53 

46 

67 

47 

33 

51.17 

47 

13 

61 

67 

54.70 

22  

42.90 

45.93 

47.97 

42 

10 

46.87 

49.47 

42.73 

47.47 

50.53 

43 

27 

46 

17 

50.13 

46 

63 

60 

43 

63.47 

23  

40.20 

43.43 

45.73 

39 

53 

43.13 

47.30 

40.23 

44.97 

48.67 

40 

83 

43 

73 

48.27 

42 

63 

48 

73 

52.37 

24  

45.00 

44.87 

45.33 

44 

77 

44.63 

46.27 

43.50 

45.07 

47.10 

44 

07 

42 

67 

46.87 

42 

10 

46 

43 

50.30 

25  

43.50 

44.97 

46  17 

42 

73 

44.87 

47.23 

43.00 

45.33 

47.40 

43 

40 

44 

37 

47.33 

42 

87 

46 

97 

49.17 

27  

44.43 

46.00 

47.00 

44 

10 

46  17 

48.00 

44.23 

46.20 

47.53 

44 

60 

44 

83 

47.57 

44 

23 

46 

57 

48.47 

28  

44.40 

45.33 

46.30 

43 

87 

45.43 

47.47 

43.60 

45.47 

47.20 

44 

20 

43 

33 

47.43 

43 

80 

45 

97 

48.37 

29  

44.37 

45.37 

46.37 

43.83 

45.43 

47.33 

43.80 

45.63 

47.20 

44 

37 

43 

83 

47  27 

43 

70 

45 

83 

48.20 

30  

41.00 

43.63 

46.27 

39.07 

43.37 

46.50 

40.70 

44.53 

46.83 

41 

47 

43 

53 

46.83 

42 

30 

45 

63 

48.07 

31  

40.00 

42.10 

43.77 

39 

.90 

41.87 

44.93 

39.73 

43.17 

46.77 

40 

07 

41 

80 

45.73 

40 

47 

44 

70 

47.70 

Average... 

53.24 

53.66 

54.46 

52.75 

53.58 

55.07 

52.54 

54.05 

55.07 

52.78 

52.79 

55.11 

53.03 

54.88 

56.37 

Digitized  by 
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TABLE  12.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  8AND» 

NOVEMBER.  1913. 


Qnvel. 

Sand. 

Lmhi 
LMIIk 

Clay. 

PaaL 

D»te. 

.  12* 

18' 

9 

12* 

18* 

12* 

1ft' 

12- 

18' 

12* 

18* 

1  

39.33 

41.07 

42.63 

38 

87 

41.07 

44.03 

38.83 

42.03 

45.03 

39.17 

40.67 

44.57 

39.77 

43.73 

47  07 

3  

43.47 

43.27 

43.73 

43 

60 

43.60 

44.77 

41.70 

42.53 

44.03 

42.20 

40.40 

43.93 

40.70 

42.67 

45  70 

4 

40.80 

42.63 

43.87 

40 

47 

42.80 

45  00 

40  37 

43  00 

44  67 

40  80 

41.53 

44.n 

41  10 

43  10 

45  53 

5 

39.63 

41.00 

42.40 

39 

53 

41*27 

43^80 

38.67 

41.80 

44  27 

38  80 

40.13 

44.03 

39*7^ 

4^  93 

45*53 

39.80 

40.80 

42.03 

39 

83 

41.13 

43.47 

38  90 

41  53 

43  80 

38  80 

39.30 

43.47 

39  27 

42*53 

45^30 

7  

45.83 

44.30 

44.00 

46 

37 

44.53 

44.83 

43.93 

42  83 

43.80 

44.40 

42.00 

43.67 

41.23 

42.23 

44.90 

8  

45.37 

46.57 

46.87 

44 

93 

46.70 

47.30 

45.07 

45.87 

45.37 

45.60 

45.40;  45.90 

44.60 

43  47 

45  03 

10 

35.601  38.67 

40.77 

34 

60 

38.70 

42  47 

36  07 

40  80 

44  00 

35  80 

40.07 

43.43 

39  00 

43  20 

45  07 

jj 

35.67 

38. 17 

39.83 

34 

87 

38  03 

41  30 

35  43 

39  43 

42  50 

Od.Of 

38.87 

41.83 

37  70 

42  07 

45  17 

12 

35.30 

37.63 

39.30 

34 

83 

37  73 

40  83 

35  10 

38  67 

41  50 

35  30 

38.03 

40.90 

36*93 

41  10 

44  40 

13  

36.47 

37.97 

38.47 

37 

57 

38.23 

40.13 

39.80 

38.97 

40.80 

41.30 

39.07 

40.93 

37.27 

40.27 

43.43 

14  

37.47 

37.97 

38.77 

39 

67 

40.77 

41.97 

41.13 

41.57 

42.10 

41.80 

41.70 

42.67 

39.93 

40.57 

42.03 

15  

35.30 

37.60 

38.97 

35 

43 

38.67 

41.47 

37.13 

40  93 

42.70 

37.57 

40.77 

42.87 

38.73 

41.07 

43.13 

17  

37.23 

38.17 

39.00 

37 

20 

38  60 

40.73 

37.27 

39  43 

41.33 

37.57 

39.20 

41.33 

37.13 

40.23 

42.90 

18  

43.00 

41.53 

41.13 

43 

60 

42.03 

42.13 

41.87 

40.87 

41.57 

42.53 

40.63 

41.67 

39.27 

40.00 

42.53 

19  

51.43 

47.50 

45.73 

52 

07 

48.03 

45.77 

50.23 

45.40 

43.20 

50.33 

45  13 

44.07 

4&33 

41.33 

42.03 

20  

53.13 

50.77 

49.47 

53 

30 

50.97 

49.03 

52.17 

48.67 

46.00 

52.73 

48  67 

47.33 

49.47 

44.37 

43.80 

21  

54.60 

52.53 

51.20 

54 

67 

52.57 

50.73 

53.87 

50.77 

48.17 

54.37 

50.80 

49.43 

51  67 

46.70 

45.07 

22  

55.30 

53.30 

52.23 

55 

43 

53.27 

51.70 

54.60 

62.10 

49.77 

54.73 

52.20 

50.93 

52.87 

48.73 

47.60 

24  

41.33 

44.57 

46.47 

40 

00 

44.27 

47.33 

42.23 

47.20 

49.30 

42.40 

46.57 

49.17 

46.00 

49.53 

50.13 

25  

38.23 

41.27 

43.13 

37 

33 

41.13 

44.73 

38.57 

43.93 

46.83 

38.83 

43  20 

46.30 

42.93 

47.63 

49.77 

26  

41.30 

42.20 

43.13 

41 

00 

42.40 

44.27 

40.93 

42.97 

45.00 

41.37 

42.40 

44.73 

42.17 

45.70 

48.27 

27  

40.27 

41.90 

43.00 

39 

80 

41.93 

44.13 

40.23 

42.70 

44.57 

40.80 

42.60 

44.40 

41.87 

44.73 

47.13 

28  

41.17 

41.87 

42.77 

40 

93 

41.97 

43.83 

40.60 

42.40 

44.00 

41.33 

42.30 

43.97 

41.57 

43.97 

46  20 

29  

43.47 

43.53 

43.87 

43 

27 

43.67 

44.67 

42.80 

43.27 

44.00 

43.43 

43.40 

44.27 

42.57 

43.67 

45.57 

AvwBie... 

42.02 

42.67 

43.71 

41.97 

42.96! 

1 

41.90 

43.18 

44.33 

42.29 

42.60 

44.42 

41.05 

43.42 

45.45 
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TABLE  13.~AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  COVERED  WITH  SAND. 

DECEMBER.  1913. 


Gravel. 

Send. 

Loem. 

Cley. 

Peet. 

Date. 

6' 

12* 

18* 

6* 

1 

12* 

18' 

12* 

18' 

6' 

12* 

18' 

12* 

18' 

1  

50.60 

49.33 

48  53 

50.50 

49.47 

48.40 

49.73 

47.73 

46.23 

50.27 

48.07 

47.00 

47.73 

45.20 

45.77 

2  

50.80 

49.80 

49.30 

50.77 

49.57 

49.23 

50.23 

48.80 

47.50 

50.73 

49.10 

48.27 

49.03 

46.63 

46.57 

3  

47  33 

48  63 

49.00 

46.73 

48.47 

49.17 

47.80 

48.93 

48.37 

48.17 

48.97 

48.93 

48.57 

47.70 

47.67 

4  

43.87 

44.67 

45.90 

42.47 

44.43 

46.63 

43.13 

46.47 

47.57 

43.63 

46.47 

47.63 

45.20 

47.47 

48.33 

5  

41.80 

43.57 

44.70 

41.30 

43.50 

45.60 

41.83 

44.60 

46.37 

42.03 

44.27 

46.27 

43.67 

46.47 

48.20 

6  

40.87 

42.37 

43.70 

40.17 

42.27 

44.73 

40.53 

43.47 

45.40 

40.83 

43.07 

45.13 

42.07 

45.47 

47.53 

8  

34.67 

38.37 

40.67 

34.63 

38.97 

42.57 

36.10 

40.93 

43.90 

36.03 

40.43 

43.40 

39.93 

43.93 

46.80 

9  

33.20 

36.70 

38.83 

33.00 

37.20 

41.00 

34.57 

39.17 

42.33 

34.20 

38.53 

41.57 

37.53 

42.43 

45.40 

10  

33.53 

36.30 

38.00 

33.40 

36.80 

40.10 

34.20 

38.17 

41.17 

34.17 

37.37 

40.37 

36.50 

41.13 

44.40 

11  

33.33 

36.13 

37.67 

33.10 

36.60 

39.70 

33.90 

37.57 

40.50 

34.07 

37.07 

39.80 

36.17 

40.13 

43.20 

12  

33.23 

36.97 

37.23 

33.00 

36.10 

39.10 

33.53 

36.97 

39.77 

33.63 

36.50 

39.10 

35  50 

39.23 

42.27 

34.93 

36.27 

37.30 

34.90 

36.80 

39.03 

33.53 

36.77 

39.30 

34.03 

36.43 

38.80 

34.87 

38.60 

41 .63 

15  

33  87 

36  27 

37.63 

33.30 

36.47 

39.17 

34.13 

37.10 

39.23 

34.67 

37.00 

38.99 

34.33 

37.87 

40.70 

16  

36'60 

37!03 

37.67 

36.40 

37.27 

39.00 

35.17 

36.93 

38.93 

35.83 

36.87 

38.73 

33.87 

37.67 

40.37 

17  

35.50 

37.13 

38.07 

35.00 

37.40 

39.40 

35.17 

37.40 

39.13 

36.30 

37.53 

39.10 

34.30 

37.43 

40.13 

18  

34.30 

36.43 

37.67 

33.67 

36.53 

38.90 

34.43 

37.27 

39.17 

35.00 

37.33 

39.03 

34.57 

37.30 

39.93 

19... »  

33.23 

35.57 

36.90 

32.47 

35.63 

38.40 

33.67 

36.77 

38.77 

34.10 

36.70 

38.63 

34.10 

37.20 

39.90 

20  

33.10 

35.13 

36.53 

32.50 

35.40 

38.03 

33.40 

36.37 

38.50 

33.73 

36.17 

38.20 

34.37 

37.07 

39.73 

22  

30.97 

33.07 

35.53 

28.73 

34.07 

37.13 

32.47 

35.67 

37.90 

32.40 

35.23 

37.47 

33.87 

36.80 

39.40 

23  

31.93 

33.77 

35.17 

31.13 

33.80 

36.70 

32.20 

35.07 

37.40 

32.27 

34.77 

36  93 

33.43 

36.43 

38.97 

24  

32.23 

33.70 

35.00 

32.03 

33.83 

36.47 

32.13 

34.90 

37.03 

32.43 

34.50 

36.53 

32.97 

36.03 

38.47 

26  

32.77 

34.20 

35.30 

32.33 

34.60 

36.80 

32.43 

34.87 

36.73 

32.80 

34.73 

36.60 

32.97 

36.77 

38.27 

27  

32.27 

34.03 

35.03 

31.43 

34.10 

36.50 

32.23 

34.73 

36.60 

32.63 

34.53 

36.33 

33.03 

35.40 

38.00 

29  

32.27 

33.73 

34.73 

31.97 

33.97 

36.37 

32.07 

34.23 

36.10 

32.37 

34.13 

35.83 

32.10 

"34.80 

37.27 

30  

32.17 

33.77 

34.57 

31.93 

33.90 

36.27 

31.93 

34.03 

36.00 

32.33 

34.03 

35.77 

32.40 

34.43 

36.97 

31  

32.33 

33.77 

34.77 

32.20 

34.10 

36.13 

32.00 

34.10 

36.03 

32.57 

34.27 

35.90 

31.33 

34.70 

37.00 

Average. . . 

36.22 

37.91 

39.05 

35.73 

38.13 

40.41 

36.25 

38.81 

40.61 

36.S9 

38.62 

40.40 

37.00 

39.74 

42.03 
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TABLE  14.-AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  BOIL,  COVERED  WITH  SAND. 

JANUARY,  1914. 


Date. 


Gravel. 


Sand. 


Loam. 


6* 

^2r 

18' 

6* 

^2r 

18' 

g 

12* 

18 

6' 

\r 

18' 

6' 

12* 

18* 

I 

32 

37 

33 

93 

34 

73 

32 

20 

34 

10 

36 

03 

32 

03 

34 

07 

36 

03 

32 

53 

34 

20 

35 

70 

32 

07 

34 

60 

36.97 

2 

32 

47 

33 

03 

34 

87 

32 

13  34 

17 

35 

97 

32 

10 

34 

20 

35 

90 

32 

67 

34 

23 

35 

73 

32 

50 

34 

63 

37  07 

3  

32 

60 

34 

07 

34 

93 

32 

43 

34 

27 

36 

07 

32 

20 

34 

23 

35 

93 

32 

70 

34 

40 

35 

83 

32 

50 

34 

60 

37^00 

5  

33 

00 

34 

37 

35 

07 

32 

77 

34 

53 

36 

27 

32 

33 

34 

37 

35 

97 

33 

10 

34 

50 

35 

03 

32 

83 

34 

70 

37-03 

A 

33 

27 

34 

43 

35 

10 

33 

00 

34 

57 

36 

23 

32 

OO 

34 

37 

00 

33 

13 

34 

57 

35 

97 

32 

70 

34 

K7 

37.00 

J 

33 

20 

34 

40 

35 

20 

33 

07 

34 

60 

36 

23 

32 

34 

37 

OO 

on 

33 

20 

34 

60 

36 

00 

32 

67 

34 

63 

36  87 

8  

33 

30 

34 

47 

35 

13 

33 

03 

34 

67 

36 

27 

32 

33 

34 

33 

35 

93 

33 

33 

34 

60 

35 

90 

32 

77 

34 

57 

36.83 

9  

33 

33 

34 

50 

35 

13 

33 

a3 

34 

63 

36 

23 

32 

43 

34 

33 

35 

90 

33 

40 

34 

67 

36 

03 

32 

67 

34 

57 

36.83 

10 

33 

43 

34 

53 

35 

23 

33 

20 

34 

63 

36 

23 

32 

Oi 

34 

47 

oO 

00 

35 

53 

34 

00 

36 

13 

32 

80 

34 

63 

36.87 

12 

33 

43 

34 

70 

35 

43 

33 

17 

34 

63 

36 

30 

32 

B7 
0/ 

34 

70 

OD 

17 

33 

90 

35 

17 

QA 

0/ 

77 

OO 

M 
vt 

34 

on 

37'00 

13..:  

33 

57 

34 

73 

35 

50 

33 

10 

34 

70 

36 

37 

33 

07 

34 

93 

36 

30 

33 

90 

35 

23 

36 

43 

33 

17 

34 

87 

37.10 

14  

33 

67 

34 

90 

35 

57 

33 

17 

34 

80 

36 

53 

33 

27 

35 

03 

36 

53 

34 

03 

35 

40 

36 

60 

33 

40 

35 

10 

37.30 

15  

33 

57 

34 

70 

35 

43 

33 

10 

34 

67 

36 

33 

33 

07 

34 

90 

36 

40 

33 

93 

35 

23 

36 

40 

33 

33 

35 

00 

37.10 

16  

33 

67 

34 

83 

35 

57 

33 

20 

34 

73 

36 

33 

33 

13 

34 

93 

36 

37 

.33 

97 

35 

13 

36 

43 

33 

33 

34 

97 

37.03 

17  

33 

70 

34 

93 

35 

60 

33 

37 

34 

77 

36 

40 

33 

20 

34 

93 

36 

37 

34 

07 

35 

23 

36 

47 

33 

37 

35 

00 

37.13 

19  

33 

80 

34 

90 

35 

53 

33 

40 

34 

90 

36 

40 

33 

23 

34 

97 

36 

37 

34 

10 

35 

37 

36 

43 

33 

37 

34 

93 
97 

37.07 

20  

33 

77 

34 

90 

35 

53 

33 

37 

34 

87 

36 

40 

33 

23 

34 

97 

36 

33 

34 

07 

35 

37 

36 

47 

33 

33 

34 

37.00 

21...:  

33 

87 

34 

93 

35 

60 

33 

53 

34 

90 

36 

43  33 

23 

35 

07 

36 

37 

34 

17 

35 

40 

36 

47 

33 

40 

35 

00 

37.10 

22  

33 

93 

34 

03 

35 

60 

33 

57 

34 

97 

36 

40 

33 

37 

35 

00 

36 

33 

34 

20 

35 

43 

36 

50 

33 

43 

35 

00 

37.10 

23  

33 

90 

34 

87 

35 

53 

33 

53 

34 

93 

36 

37 

33 

33 

34 

90 

36 

23 

34 

13 

35 

33 

36 

40 

33 

37 

34 

87 

36.93 

24  

33 

93 

34 

83 

35 

50 

33 

50 

34 

83 

36 

27 

33 

43 

35 

00 

36 

33 

34 

13 

35 

23 

36 

43 

33 

43 

34 

97 

37.03 

26  

33 

67 

34 

9() 

35 

63 

33 

20 

34 

80 

36 

37 

33 

37 

35 

03 

36 

37 

34 

00 

35 

27 

36 

37 

33 

40 

34 

80 

36.80 

27  

33 

50 

34 

63 

35 

37 

33 

17 

34 

63 

36 

27 

33 

30 

34 

93 

36 

23 

33 

87 

35 

07 

36 

10 

33 

30 

34 

67 

36.60 

28  

33 

67 

34 

67 

35 

37 

33 

30 

34 

67 

36 

20 

33 

33 

34 

80 

35 

97 

33 

93 

35 

00 

36 

07 

33 

30 

34 

67 

36.60 

29  

39 

60 

37 

63 

36 

70 

40 

20 

37 

63 

36 

77 

35 

30 

34 

90 

35 

70 

38 

93 

36 

30 

36 

23 

33 

33 

34 

40 

36.23 

30  

34 

40 

36 

23 

37 

07 

33 

90 

36 

27 

37 

67 

34 

40 

36 

40 

36 

87 

35 

23 

37 

13 

37 

63 

33 

37 

34 

50 

36.23 

31  

33 

40 

34 

97 

35 

93 

32 

97 

35 

00 

36 

83 

33 

43 

35 

60 

36 

83 

33 

So 

35 

73 

37 

00 

33 

37 

34 

53 

36.40 

Average.. . 

33.70 

34.81 

35.48 

33.39 

34.86 

36.38 

33.06 

34.80 

38.21 

34.00 

35.14 

36.30 

33.10 

34.76 

38.90 

Clay. 


Peat 
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TABLE  15.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  COVERED  WITH  SAND. 

FEBRUARY,  1914, 


Gravel. 

Sand. 

Loam. 

Clay. 

Pett. 

Date. 

D 

r 

ifl 

IS 

12* 

18- 

e 
D 

12* 

18' 

6' 

12' 

18' 

6* 

12* 

lo 

2  

33 

.S3 

34 

80 

35 

57 

33 

20 

34 

90 

36 

47 

33 

30 

35 

13 

36 

47 

33 

90 

35 

20 

36 

40 

33 

47 

34 

90 

36.80 

3  

33 

40 

34 

57 

35 

30 

33 

07 

34 

57 

36 

13 

33 

03 

34 

80 

36 

13 

33 

60 

34 

97 

36 

13 

33 

33 

34 

73 

36.63 

60 

34 

73 

OO 

At 

33 

37 

34 

77 

36 

27 

33 

37 

34 

93 

36 

20 

33 

87 

35 

07 

36 

27 

33 

40 

34 

80 

36.70 

e 

oo 

7n 
/u 

34 

77 

OO 

A7 

33 

37 

34 

83 

36 

37 

33 

37 

35 

03 

36 

20 

33 

93 

35 

13 

36 

201  33 

50 

34 

87 

36.77 

1Q 
oo 

7n 
<u 

34 

80 

IK 

oa 

47 
47 

33 

23 

34 

70 

36 

27 

33 

30 

34 

93 

36 

17 

33 

90 

35 

07 

36 

17 

33 

40 

34 

83 

36.73 

7  

33 

70 

34 

80 

35 

43 

33 

23 

34 

70 

36 

13 

33 

33 

34 

93 

36 

07 

33 

93 

35 

00 

36 

13 
23 

33 

43 

34 

83 

36.57 

9  

33 

9Q 

35 

OO 

35 

63 

33 

27 

34 

83 

36 

33 

33 

43 

35 

07 

36 

23 

34 

07 

35 

23 

36 

33 

67 

35 

00 

36.87 

I'i 

oo 

lo 

34 

83 

oa 

ou 

33 

07 

34 

57 

36 

17 

33 

33 

34 

93 

36 

03 

33 

90 

35 

07 

36 

17 

33 

57 

34 

87 

36.73 

33 

63 

34 

77 

35 

43 

32 

97 

34 

60 

36 

20 

OO 

07 

34 

93 

36 

17 

33 

90 

35 

10 

36 

17 

33 

60 

34 

87 

36.73 

19 

33 

7A 

34 

93 

60 

Vi 
w 

32 

93 

34 

63 

36 

17 

33 

43 

35 

10 

3*6 

17 

34 

07 

35 

17 

36 

27 

33 

70 

35 

07 

36.87 

13  

33 

53 

34 

70 

35 

37 

32 

33 

34 

43 

36 

13 

33 

30 

35 

00 

36 

20 

33 

83 

35 

07 

36 

.7 

33 

70 

35 

00 

36.77 

14  

33 

20 

34 

37 

35 

13 

32 

13 

34 

17 

35 

77 

33 

07 

34 

73 

35 

93 

33 

60 

34 

77 

35 

87 

33 

50 

34 

77 

36.63 

16  

33 

13 

34 

27 

34 

97 

32 

33 

34 

10 

35 

67 

32 

90 

34 

60 

35 

77 

33 

50 

34 

70 

35 

73 

33 

40 

34 

73 

36.53 

17  

33 

30 

34 

37 

34 

97 

32 

37 

34 

35 

60 

32 

90 

34 

60 

35 

73 

33 

50 

34 

77 

35 

70 

33 

43 

34 

67 

36.50 

18  

33 

27 

34 

27 

34 

90 

32 

40 

34 

03 

35 

57 

32 

90 

34 

50 

35 

67 

33 

50 

34 

67 

35 

70 

33 

33 

34 

60 

36.47 

19  

33 

27 

34 

27 

34 

90 

32 

47 

34 

07 

35 

53 

32 

90 

34 

43 

35 

57 

33 

57 

34 

63 

35 

63 

33 

33 

34 

53 

36.37 

20  

33 

40 

34 

33 

35 

07 

32 

63 

34 

23 

35 

70 

33 

07 

34 

57 

35 

67 

33 

67 

34 

80 

35 

70 

33 

40 

34 

67 

36.43 

21  

33 

43 

34 

43 

35 

03 

32 

70 

34 

23 

35 

73 

33 

10 

34 

60 

35 

70 

33 

70 

34 

77 

35 

77 

33 

40 

34 

67 

36.47 

23  

33 

47 

34 

50 

35 

00 

32 

77 

34 

33 

35 

73 

33 

17 

34 

63 

35 

67 

33 

80 

34 

90 

35 

77 

33 

43 

34 

70 

36.50 

24  

33 

23 

34 

27 

34 

87 

32 

50 

33 

80 

35 

57 

32 

87 

34 

53 

35 

53 

33 

57 

34 

70 

35 

60 

33 

27 

34 

57 

36.30 

25  

33 

40 

34 

60 

35 

20 

32 

80 

34 

40 

35 

90 

33 

20 

34 

70 

35 

90 

33 
33 

90 

35 

00 

35 

90 

33 

50 

34 

90 

36.60 

26  

33 

13 

34 

17 

34 

87 

32 

20 

34 

00 

35 

47 

32 

83 

34 

43 

35 

50 

47 

34 

57 

35 

50 

33 

23 

34 

50 

36.33 

27  

33 

13 

34 

13 

34 

67 

32 

50 

33 

93 

35 

33 

32 

70 

34 

27 

35 

27 

33 

47 

34 

53 

35 

43 

33 

13 

34 

37 

36.17 

28  

33 

07 

33 

93 

34 

60 

32 

50 

33 

87 

35 

33 

32 

70 

34 

20 

35 

30 

33 

43 

34 

43 

35 

30 

32 

93 

34 

33 

36.03 

Average.. . 

33.44 

34.53 

35.18 

32.76 

34.36 

35.90 

33.12 

34.73 

35.89 

33.73 

34.89 

35.91 

33.42 

34.74 

36.56 
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TABLE  ie.-AV£RAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  COVERED  WITH  SAKD. 

MARCH.  1014. 


Qnnril« 


Date. 


12- 


18*  8* 


12* 


ir 


12- 


ir 


r  ir 


ir 


PmL 


r    ir  ir 


2... 
3..,. 
4... 
ft.,,. 
6.... 

7... 

«... 
10.... 
11... 
12,.., 

13  ... 
14... 
16... 

17.... 
18  ... 

19. . . . 
20... 
21... 
23.... 
24.,.. 

2ft.... 
2«.... 
27,... 
28..., 
30. . , . 
31.... 


Avtngt. 


33.50 
33.27 
33.30 
33.30 
33.37 

33  40 
33.37 
33.47 
33  40 
33.47 

33.43 
3fi  27 
40.83 
36  03 
34.60 

34.17 
34.00 
33.70 
33.50 
35.53 

30.00 
42.17 
41.33 
41.63 
42.  M> 
43.77 


36.00 


34.30  34.80  32.07 

34.20.  34.77  32.77 

34  .23  34  .67  32  .73 

34  23  34.70  32.80 

34.20  34.67  32.77 


34.17  35.40 

34.13  35.47 

34  .10  35  .33 

34.17.  35.40 

33.87  34.90 


34  23 
34.27 
34.33 
34  23 
34.37 

34.13 
34.00 
39  W 
37.07 
35.97 

35.27 
34.93 
34.77 
34.43 
35.07 

36.80 
39  43 
41.90 
39.87 
43.00 
41.67 


34  .73  32  .03 

34.80  33.07 

34  83  33  .17 

34  .77  33  .17 

34.80  33.20 


36.18 


34,53 
34.80. 
38.07 
37.47 
36.63 

I 

36.00 
35.60 
35.37 
35.06 
35.13 


36.07. 
38.27 
41.30. 
39.37 
42.43, 

41.10l  44.40 


33.031 
34.17! 
41.63 
35.70 
34.27 

33.37 
32.60 
32.23 
32.70 
35.27 

38.90 
42.17 
40.90 
41.70 
42.43 


36.33  36.98 


.33.93 
34.20 
34.17 
34.10 
34.23 

34.07 
34.33 
38  93 
37.03 
36  03 

35.10 
34.53 
34.23 
34.17 
34.97 

36.33 
38.97 
41.50 
39.63 
42  60 
41  63 


35.87 


35.00 
35.37 
35  27 
35.27 
35.33 

35.20 
35.10 
37.53 
37  83 
37.17 

36.77 
36.10 
35.77 
35.50 
35.53 

35.80 
37.50 
40.23 
39.10 
41.67 
40.87 


33.17 
33.13 
33.071 
32.97! 
32.97! 


I 


34.53  35.53 

M.hO  35.43 

34.431  35.40 

34.371  35  33 

34.40  35.33 


33.10; 
33.031 
33  07' 
33.07! 
33.10, 
I 

32.97 
32.87 
38.07 
35.80 
34.60 

34.07 
33.80 
33.57 
33.33 
34.50 

36.87 
39.87 
41.73 
40.37 
43.20 
42.20 


38.56 


35.33 


34.43 
34.43 
34.40 
34.37 
34.43 

34.27 
34.10 
36.23 
37.27 
36.37 

35  77 
35.40 
35.07 
34.70 
34.63 

35.23 
37.33 
40  93 
39.23 
42.43 
41.07 


35.04 


35.37 
35.30 
35.33 
35.23 
35.33 

35.10 
34.77 
35.70 
37.00 
37.00 

36.63 
36.30 
36.07 
35.57 
35,47 

35.13 
36.27 
38.37 
38  60 
40.43 
40.40 


38.25 


33.83'  34.80 
33.70  34.73 
33  .73  34  .67 
33.70-  34.67 
33.73  34.63 


33.67, 
33.77 
33.73 
33. 80! 
33.73| 

33.60| 
33.47, 
39.63 
36.77 
35.23 

34.67 
34.27 
33.97 
33.73 
34.97 

37.50 
40  60 
42.43 
40.93 
43.63 
42.53 


34.67 
34.67 
34.70 
34.63 
34.70 


35.70 
35.57 
35.50 
35.43 
35.37 

35.50 
35.47 
35  43 
35.37 
35.47 


35.87 


34.50|  35.20 
34.071  35.00 
36  97!  36.80 
36.90>  37.83 


35.80 

36.00 
35.50 
34.60 
34.07 
34.37 


37.27 

36.83 
36.37 
36.10 
35  63 
35.50 


35  .10  35  .40 
37.571  36.87 
41.171  39.47 
39.30,  39.17 


42.57 
41.07 


38.02 


41.33 
40.87 


33.30 
33.20 
33  33 
33.17 
33.13 

33.17 
33.17 
33.17 
33.13 
33.17 

33.17 
33.00 
33.07 
33.07 
33.23 

33.33 
33.27 
33.33 
33  13 
33.20 

32.47 
32.53 
32.67 
32.87 
39.03 
39.90 


34  .57  38  33 
34.43!  36  13 
34.40 
34.37 
34.30 


34.33 
34.27 
34  23 
34.23 
34.30 

34.17 
33.83 
33.83 
34.00 
34.40 

34.53 
34  60 
34.63 
34.43 
34.43 

33.47 
33.50 
33  83 
34.03 
36.73 
38.20 


38.56 


33.50 


34.46 


36  10 
36  00 
36.03 

36.00 
35.90 
35  97 
35  07 
35  93 

35.70 
35.33 
35.10 

35  53 

36  03 

36  33 
36  47 
36  43 
36  20 
36.10 

35.07 
35.10 
35.37 
35  73 
37.40 
38.53 


38.03 
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TABLE  17.-AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  COVERED  WITH  SAND. 

APRIL,  1914. 


sino> 

1  -  

Clay. 

PMu 

IlMe. 

ir 

ir 

18* 

6* 

18* 

6' 

18* 

6' 

18' 

44.37 

43.27 

42.50 

44.37 

43. 10 

42.00 

43. 70 

42.47 

_ 

40.87 

44. 13 

41.50 

42.50 

39.73 

39.60 

2  

40.27 

41  40 

41.70 

39.87 

41.20 

41.70 

40.83 

41.93 

41.10 

41.10 

41.83 

41.70 

41.43 

40.83 

40.37 

3  

39.90 

39.^ 

40  07 

40.03 

39.77 

40.47 

39.40 

40.27 

40.53 

39.83 

40.13 

40.70 

39.87 

40.57 

40.83 

36.20 

38.00 

39.03 

36.33 

38. 17 

39.83 

36.30 

39.20 

40.00 

36.53 

38.90 

40. 13 

36.73 

40.27 

40.90 

34.67 

36.67 

37.67 

34.27 

36.87 

38.53 

34.93 

37.53 

38.47 

35.03 

37.30 

38.37 

36.80 

38.63 

39.90 

35. 27 

36.03 

36.67 

35. 10 

36.20 

37.67 

34.40 

36.37 

37. 63 

35.23 

36.27 

_ 

37.67 

35.57 

37.80 

39.33 

8  

34.07 

35.90 

36  73 

33.73 

35.90 

37.47 

33.73 

36.10 

37.30 

34.37 

36.27 

37.40 

34.93 

37.10 

38.80 

9  

33.83 

35.07 

35.97 

33.80 

35.33 

36.93 

33.17 

35.47 

36.87 

33.53 

35.47 

36.90 

34.43 

36.50 

38  33 

35.67 

35.47 

35.93 

36.57 

35. 87 

36.70 

33.90 

35. 10 

36.37 

34.30 

34.97 

36.30 

34.00 

35.93 

37.87 

39.40 

38. 17 

37.80 

40.67 

38.73 

37.90 

37.27 

36.47 

36.57 

38.00 

36.80 

36.70 

34.43 

35.63 

37.33 

19 

42.80 

40. 17 

39.43 

43.00 

39.63 

00.  lA 

38.00 

Af\  KA 

38.97 

la  KT 

00. 01 

at 

37.53 

36.63 

37.43 

47.43 

43.30 

41.83 

48.20 

43.40 

41.20 

41.00 

39.23 

44.60 

41. 17 

39.])3 

40.30 

37.50 

37.87 

16  

50.27 

46.70 

44.97 

50.47 

46.37 

43.03 

48.63 

44.53 

41.17 

47.9*7 

44.47 

42.10 

43.83 

39.37 

38.73 

16  

50.60 

47.47 

45.93 

50.67 

47.07 

44.67 

49.40 

45.77 

42.83 

48.77 

45.70 

43.70 

45.60 

41.20 

40.10 

17  

54.13 

49.43 

47.37 

54.53 

48.97 

45.83 

52.03 

47.27 

43.97 

51  ..23 

46.80 

44.80 

47.77 

42.87 

41.40 

18  

59.47 

53.43 

50.47 

59.77 

52.83 

48.30 

56.93 

50.17 

45.57 

56.03 

50.00 

46.70 

51.73 

44.80 

42.77 

20  

44.87 

47.27 

48.17 

43.83 

46.43 

47.60 

46.60 

49.40 

48.00 

46.53 

48.57 

48.67 

48.70 

48.27 

46.30 

21  

47.50 

46.73 

45.57 

48.13 

45.57 

45.43 

46.57 

46.13 

46.03 

46.27 

45.57 

46.13 

46.90 

47.00 

46.57 

22  

53.20 

49.90 

48.33 

53.67 

49.80 

47.47 

51.60 

48.17 

45.87 

51.20 

47.90 

46.40 

49.83 

46.83 

46.30 

23  

52.33 

50.30 

49.17 

52.37 

49.87 

48.27 

51.27 

49.27 

46.97 

50.43 

48.80 

47.47 

50.07 

47.47 

46.40 

24  

51.87 

50.30 

49.50 

51.73 

49.90 

48.50 

51' 13 

49.60 

47.37 

50.43 

49.03 

47.83 

60.20 

47.73 

46.77 

25  

55.83 

62.20 

50.57 

56.83 

52.27 

49.33 

54.37 

50.43 

47.73 

54.27 

50.27 

48.27 

52.40 

48.10 

47.00 

27  

59.33 

54.90 

52.87 

60.97 

55.43 

51.87 

57.03 

52.70 

49.37 

56.90 

52.47 

50.40 

65.07 

50.53 

48.67 

28  

62.37 

58.10 

55.63 

63.90 

58.60 

54.20 

60.87 

55.77 

51.23 

60.63 

55.53 

62.30 

59.00 

52.43 

49.80 

29  

58.60 

57.63 

56.43 

58.80 

57.73 

55.17 

59.17 

56.97 

52.07 

59.00 

56.90 

53.87 

59.93 

54.40 

51.47 

30  

52.57 

52.63 

52.67 

53.67 

52.67 

52.47 

53.03 

63.70 

52.30 

52.33 

53.03 

52.87 

54.93 

54.50 

52.60 

46.80 

45.35 

44.73 

47.16 

45.34 

44.34 

45.84 

4«.64 

43.23 

45.74 

44.44 

43.74 

4«.79 

43.18 

42.82 
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TABLE  18.-AVERAGE  TEMPERATURE  OF  DIFFERENT  T\TES  OF  SOIL,  COVERED  WITH  SAND. 

MAY,  1914. 


Qravel. 

Sand. 

Ua 

iin. 

Clay. 

Peal 

L  . 

UtivC. 

6' 

12' 

18' 

6' 

r 

12* 

6* 

12* 

18* 

6* 

12* 

18' 

6' 

ir 

j 

51 

10 

50 

73 

50 

93 

51 

17 

50 

73 

51 

17 

51 

00 

51 

73 

51 

03 

50 

53 

50 

80 

51 

17 

62 

13 

53 

10 

52 

37 

2 

63 

60 

50 

67 

50 

47 

54 

07 

50 

83 

50 

23: 

52 

43 

60 

83 

49 

97 

52 

53 

50 

03 

60 

23 

52 

43 

51 

80 

61 

53 

4:  

58 

70 

55 

50 

54 

00 

59 

17 

55 

47 

52 

97I 

57 

67 

54 

23 

51 

17 

58 

00 

53 

83 

52 

37 

57 

23 

53 

07 

51 

33 

5  

58 

60 

56 

57 

55 

23 

59 

57 

56 

30 

54 

03 

58 

33 

55 

67 

52 

30 

58 

60 

54 

97 

53 

67 

58 

27 

54 

07 

52 

10 

a 

57 

10 

55 

60 

54 

67 

57 

47 

55 

33 

53 

77 

57 

07 

55 

23 

52 

70 

57 

37 

54 

37 

53 

80 

67 

33 

54 

63 

52 

83 

7 

53 

57 

53 

43 

53 

43 

53 

57 

53 

30 

53 

07; 

53 

70 

54 

10 

52 

57 

54 

30 

63 

30 

63 

50 

55 

30 

54 

63 

53 

30 

Q 

52 

70 

52 

50 

52 

43 

52 

47 

52 

23 

52 

17 

52 

87 

53 

00 

51 

80 

53 

30 

62 

17 

62 

70 

64 

13 

53 

93 

53 

20 

9  

55 

33 

52 

47 

51 

73 

56 

30 

52 

43 

51 

40 

53 

83 

62 

a3 

51 

00 

64 

50 

51 

70 

51 

73 

53 

93 

53 

20 

52 

77 

11  

53 

20 

55 

50 

55 

80 

55 

37 

55 

10 

55 

17 

53 

40 

56 

40 

53 

63 

54 

73 

56 

43 

55 

03 

57 

43 

65 

30 

53 

17 

40 

fta 

w 

48 

63 

50 

10 

45 

80 

48 

13 

50 

57 1 

47 

00 

50 

57 

51 

87 

46 

83 

49 

70 

51 

70 

A» 

37 

53 

03 

54 

03 

13 

48 

vo 

48 

37 

48 

70 

49 

17 

48 

23 

49 

07i 

48 

17 

48 

77 

49 

57 

48 

37 

48 

33 

49 

40 

47 

97 

50 

50 

52 

23 

14 

50 

50 

49 

37 

49 

30 

51 

57 

49 

67 

49 

43' 

49 

40 

49 

10 

48 

93 

49 

90 

49 

00 

49 

30 

49 

30 

49 

87 

50 

90 

1 5 

52 

03 

50 

37 

49 

97 

53 

30 

50 

53 

60 

07 

50 

87 

49 

70 

49 

13 

51 

63 

49 

93 

49 

73 

50 

60 

49 

87 

50 

30 

16  

55 

57 

52 

23 

51 

27 

57 

00 

52 

43 

51 

07i 

53 

67 

51 

00 

49 

60 

54 

67 

51 

53 

60 

60 

62 

37 

60 

43 

50 

17 

18  

60 

90 

56 

77 

55 

07 

58 

27 

56 

63 

53 

90 

59 

33 

54 

93 

51 

87 

59 

70 

55 

47 

53 

23 

57 

20 

52 

67 

51 

20 

19  

63 

70 

59 

30 

57 

27 

64 

47 

59 

03 

55 

70 1 

62 

33 

57 

40 

53 

40 

62 

57 

67 

73 

54 

93 

60 

23 

54 

43 

52 

30 

20  

65 

93 

61 

50 

59 

33 

66 

20 

61 

23 

57 

60I 

64 

70 

59 

73 

55 

10 

64 

73 

59 

87 

56 

83 

63 

30 

56 

S 

53 

63 

21  

67 

13 

62 

87 

60 

93 

66 

97 

62 

33 

58 

93, 

66 

03 

61 

50 

56 

80 

65 

93 

61 

43 

58 

40 

65 

17 

58 

77 

55 

43 

22  

67 

47 

64 

10 

62 

20 

67 

83 

63 

63 

60 

37' 

66 

80 

62 

87 

58 

10 

67 

07 

■  62 

93 

59 

80 

66 

73 

60 

70 

57 

07 

23  

64 

20 

61 

67 

60 

77 

64 

33 

61 

20 

59 

43 

63 

77 

61 

77 

58 

53 

64 

00 

61 

60 

60 

00 

64 

53 

61 

63 

» 

50 

25  

66 

77 

61 

37 

59 

47 

68 

10 

61 

63 

68.33! 

64 

97 

59 

97 

57 

40 

65 

07 

60 

03 

58 

33 

63 

97 

60 

50 

58 

93 

2«  

72 

10 

66 

43 

63 

73 

73 

27 

65 

97 

62.03, 

70 

63 

63 

97 

58 

77 

70 

77 

64 

33 

60 

73 

GB 

40 

62 

07 

59 

20 

27  

71 

07 

67 

90 

65 

97 

71 

07 

67 

73 

64.371 

70 

77 

67 

07 

61 

90 

70 

87 

66 

97 

63 

37 

70 

S3 

64 

43 

60 

43 

28  

68 

57 

66 

67 

65 

10 

69 

53 

66 

30 

63.73 

68 

60 

66 

13 

62 

27 

68 

67 

66 

10 

63 

60 

69 

43 

65 

43 

62 

13 

23  

71 

07 

66 

53 

64 

73 

71 

57 

66 

83 

63 

6O1 

70 

33 

65 

53 

62 

00 

70 

60 

65 

77 

63 

40 

69 

77 

65 

43 

62 

77 

30  

70 

10 

67 

27 

65 

83 

70 

33 

ae 

93 

64.37' 

1 

70 

03 

66 

90 

62 

93 

70 

27 

66 

67 

64 

43 

70 

70 

66 

60 

63 

43 

Average. . . 

58.87 

67.47 

56.48 

60.29 

57.31 

55.64| 

59.14 

56.93 

54.40 

59.44 

56.73 

55.46 

59.16 

66.41 

54.82 
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TABLE  19.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  COVERED  WITH  SAND. 

JUNE,  1914. 


Dat& 


12. 
13. 
15. 
16. 
17. 

18. 
19. 
20. 
22. 
23. 


Gravel. 


6*      12'  18' 


72.13 
70.20 
68.53 
66.83 
62.83 


6   64  .93 

78.60 
9   80  .73 

10   81.90 

11   77.60 


75.83 
75.50 
74.10 
70.43 
72.23 

73.77 
68.40 
65.40 
68.87 
76.30 


24   76.90 

25   78.27 

26  ;  70.87 

27  1  65  .87 

29   61.50 

30  '  66.60 


68.10 
67.07 
66.93 
65.60 
62.23 

62.00 
71.97 
74.93 
76.50 
74.77 

73.00 
72.70 
71.50 
68.70 
69.07 

70.50 
69.37 
64.27 
66.10 
70.50 

72.47 
74.23 
73.50 
69.13 
63.37 
64.97 


66.27 
65.97 
66.07 
65.20 
62.33 

61.57 
69.03 
72.10 
73.93 
73.47 

72.00 
71.50 
70.50 
68.53 
68.37 

69.37 
69.37 
64.73 
65.30 
68.37 

70.47 
72.17 
72,70 
69.23 
64.20 
64.23 


Sand. 


6'      12-  18' 


72.63 
69.97 
68.17 
65.20 
63.10 

65.93 
79.30 
80.87 
81.47 
76.63 

74.80 
74.27 
72.93 
68.90 
70.50 

72.00 
67.40 
64.43 
68.70 
76.77 

78.23 
79.27 
71.27 
67.60 
61.40 
68.80 


67.63 
66.57 
66.43 
65.17 
62.03 

62.40 
72.23 
74.37 
76.00 
72.77 

71.70 
70.93 
70.77 
67.83 
68.13 

69.50 
68.63 
63.57 
65.83 
69.57 

72.93 
74.43 
73.03 
68.47 
63.27 
65.47 


64.93 
64.70 
64.87 
64.23 
62.03 

61.50 
67.00 
69.60 
70.97 
70.90 


69.57 
68.97 
67.50 
67.10 

67.77 
68.30 
64.43 
64.90 
67.2p 

69.43 
70.63 
71.27 
68.43 
64.50 
64.37 


Loam. 


6*      12'  18' 


71.37 
72.67 
68.50 
66.70 
63.13 

63.73 
76.70 
79.33 
80.93 
77.33 

75.50 
75.171 
73.80 
70.00 
71.13 

72.60 
69.37 
64.83 


67.03 
66.87 
66.93 
66.37 
63.43 

62.23 
68.80 
72.17 
74.23 
74.30 

72.97 
72.50 
71.37 
69.50 
68.90 

69.63 
70.10 
65.73 


68.10  65.70 
73.80  68.30 


75.73 
77.83 
74.83 
70.00 
63.67 
67.17 


63.23 
63.73 
63.73 
63.70 
62.50 

61.23 
63.47 
65.97 
67.97 
69.33 

68.93 
69.03 
68.13 
67.50 
66.67 

66.70 
67.27 
65.57 
64.10 
64.77 


70.53  66.33 
72.471  67.83 


73.43 
70.47 
65.37 
64.70 


69.27 
68.80 
65.60 
63.97 


Clay. 


71.43 
69.03 
68.10 
66.57 
63.13 

64.20 
76.60 
78.93 
80.47 
76.80 

75.10 
74.67 
73.47 
69.63 
70.70 

72.10 
68.90 
64.80 
68.27 
74.10 

75.97 
77.80 
74.57 
69.93 
63.60 
67.40 


12*  18' 


67.17 
66.63 
66.43 
65.93 
62.97 

62.20 
69.23 
72.20 
73.77 
73.00 

71.53 
71.00 
70.13 
68.00 
67.47 

68.37 
68.87 
64.40 
64.97 
68.33 

71.07 
72.60 
73.33 
70.00 
64.73 
64.60 


64.80 
65.07 
65.00 
64.77 


61.93 
65.37 
68.13 
70.07 
71.00 

70.33 
69.93 
69.27 
68.50 
67.63 

67.73 
68.43 
66.00 
64.90 
66.10 


69.67 
70.83 
69.70 
65.87 
64.53 


PeaL 


6'      12*  18' 


70.93 
69.80 
69.60 
68.33 
64.97 

64.47 
75.27 
78.90 
81.03 
79.03 

77.70 
77.23 
75.80 
72.77 
72.73 

73.93 
72.67 
67.17 
67.90 
72.43 

74.77 
76.67 
75.93 
71.10 
65.77 
67.50 


66.73 
87.03 
67.07 
66.73 
66.60 

64.30 
66.50 
69.70 
72.27 
74.00 

73.80 
73.63 
72.70 
71.83 
70.80 

70.80 
71.17 
69.07 
66.90 
67.17 

69.43 
71.07 
72.77 
72.07 
6S.70 
67.03 


64.13 
64.50 
64.63 
64.77 
64.67 

63.80 
63.60 
66.13 
67.20 
69.03 

69.93 
70.10 
69.93 
69.67 
68.97 

68.57 
68.67 
68.23 
66.43 
66.13 

66.83 
68.00 
69.27 
70.10 
68.80 
67.13 


Average. 


71.71 


89.38 


68.35 


71.58 


68.79 


67.12 


71.89 


69.001  65.97 


71.40 


68.42 


67.18 


72.48 


68.57 


87.24 
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TABLE  20.-AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  CX)VERED  WITH  SAND. 

JULY.  1914. 


Date. 


Gravel. 


6* 

12' 

18' 

6' 

ir 

18' 

6* 

18* 

6* 

12* 

18* 

6' 

ir 

1  

65.47 

65.90 

65.97 

65.43 

65.90 

65.77 

66.23 

66.40 

64.47 

66.13 

66.30 

65.53 

68.13 

67.37 

66.40 

2  

65.47 

64.50 

61.40 

66.17 

64.47 

64.23 

65.70 

64.93 

63.97 

65.97 

64.63 

64.70 

66.60 

66.40 

66.07 

3  

69.27 

69.53 

65.17 

70.97 

66.50 

64.83 

68.70 

65.50 

63.73 

69.20 

65.53 

64.80 

68.90 

66.27 

65.60 

A 

fU.lM 

AS  (n 
oo.  Vo 

117  «7 

68.27 

68.90 

66. 8S 

71  on 

67.90 

64.90 

71  07 

ll.il 

68. 10 

71  157 
IX.  01 

«7  S7 
VI  .91 

IK>.  w 

6  

77.77 

73.30 

71.37 

78.03 

73.13 

69.90 

76.40 

71.63 

67.20 

75.93 

71.03 

68.90 

76.80 

•70.63 

67  43 

7  

78.50 

74.57 

72.67 

77.67 

74.13 

71.00 

77.33 

73.07 

68.67 

76.67 

72.37 

70.17 

78.17 

72  47 

68  83 

8  

79.00 

75.10 

73.43 

78.40 

74.70 

71.63 

78.03 

74.00 

69.67 

77.57 

73.20 

71.03 

79.03 

73.80 

70  07 

g 

70  AT 

49. Ol 

n  71 

lO.  lO 

7fl  17 

TA  C7 

71 .93 

78.33 

TA  OT 

70.23 

77  SA 
#/  .DU 

77  19 
lA.  lit 

71  K9 

TO  AT 

TA  ItH 

71  10 

10  

81.57 

78.87 

75.27 

80.30 

76.30 

72.97 

80.23 

75.50 

70.93 

80.23 

74.37 

72.33 

80.90 

75.57 

7183 

11  

82.87 

78.57 

76.60 

81.63 

77.83 

74.43 

81.87 

77.23 

72.03 

81.27 

76.00 

73.63 

82.83 

76.93 

72.90 

13  

78.23 

76.93 

76.17 

76.93 

76.27 

74.73 

78.80 

77.43 

73.53 

78.43 

76.30 

74.63 

80.83 

78.03 

74.57 

14  

73.00 

73.33 

73.50 

71.87 

72.93 

72.73 

74.47 

74.90 

72.33 

74.13 

74.00 

73.33 

77,10 

76.97 

74  77 

1 K 

73  43 

71  73 

71  40 

73  03 

71  an 

7n  M 

71  ttH 

72  57 

7rt  77 
IV.  1 1 

73  47 

72  10 

71  50 

75  23 

75  00 

73  87 

16  

78!  17 

74.13 

72^53 

79^87 

74.50 

71.70 

77.63 

73!  27 

70.27 

77!27 

72^77 

7L23 

77^40 

74!30 

72  87 

17  

80.83 

77.10 

75.33 

81.73 

77,60 

74.37 

80.63 

75.97 

71.40 

79.83 

75.47 

73.00 

80.80 

76.03 

72  90 

74.33 

74.37 

74.33 

73.60 

74.13 

73.70 

75.20 

75.47 

72.33 

74.23 

74.33 

73.53 

77.80 

76.53 

73  63 

20  

75.73 

72.10 

71.07 

75.27 

72.00 

70.50 

74.77 

71.77 

69.70 

73.93 

70.93 

70.30 

75.20 

73.40 

72  27 

21  

78.00 

■74.60 

73.27 

77.30 

74.30 

72.20 

77.20 

73.60 

70.23 

76.27 

72.43 

71.20 

77.57 

74.00 

71.87 

22  

79.97 

76.80 

75.03 

79.40 

73.33 

73.60 

79.90 

75.47 

71.33 

78.90 

73.77 

72.43 

80.40 

75.S3 

72  43 

23  

77.97 

77.37 

76.30 

77.23 

76.83 

74.73 

79.07 

76.90 

72.60 

78.47 

74.63 

73.90 

80.70 

76.80 

73.40 

24  

77.17 

75.43 

74.83 

75.63 

75.50 

73.73 

76.67 

75.07 

72.53 

75.97 

73.63 

73.70 

78.97 

76.60 

74.00 

25  

79.53 

76.53 

75.13 

78.23 

76.00 

73.77 

79.57 

75.80 

72.30 

78.80 

74.87 

73.53 

80.03 

76.43 

74.00 

27  

77.10 

77.27 

76.67 

75.47 

76.60 

75.17 

78.33 

77.30 

73.80 

77.53 

75.00 

74.90 

80.43 

78.00 

74.90 

28  

73.63 

73.17 

73.30 

72.33 

72.53 

72.40 

74.73 

74.40 

72.67 

74.43 

72.23 

73.50 

76.70 

76.70 

75.00 

29  

73.93 

71.27 

71.30 

73.23 

70.^7 

70.93 

73.53 

72.53 

71.33 

73.08 

70.97 

71.90 

74.80 

76.27 

74.23 

30  

73.60 

72.00 

71.63 

72.37 

71.63 

71.03 

73.63 

72.37 

70.60 

72.77 

70.53 

71.27 

74.90 

74.40 

73  33 

31  

74.90 

73.30 

72.67 

72.70 

72.87 

71.80 

74.87 

73.00 

70.60 

74.00 

71.53 

71.40 

76.93 

74.17 

72.83 

Average... 

75.92 

74.06 

72.62 

75.24 

73.30 

71.53 

75.60 

73.27 

70.15 

75.31 

72.27 

71.26 

76.83 

74.06 

71.74 

Clay. 
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TAW.E  21.-AVERAaE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  QOVERED  WITH  SAND. 

AUGUST,  1914. 


urevH* 

Ssnd* 

PmL 

18' 

8' 

18' 

8' 

12* 

18' 

12* 

18* 

12* 

18* 

J 

77  17 

74  70 

73  67 

75  83 

74  10 

72  33 

76  93 

73  73 

70  87 

76  23 

71  83 

71  73 

77  30 

74  30 

72  57 

3  

76!  87 

74!97 

73!97 

73!98 

74!  23 

72!  73 

77!07 

74!  40 

7l!63 

76!  23 

73!  00 

72!  57 

77!77 

75!  13 

73!  27 

4  

75.97 

74.03 

73.50 

73.93 

73.13 

72.30 

75.43 

73.93 

71.70 

74.80 

72.03 

72.57 

78.33 

75.30 

73.47 

K 

77  00 

74  27 

73  80 

74  77 

73  40 

72  47 

76  00 

74  00 

71  57 

75  00 

71  90 

72  40 

76  43 

75  20 

73  40 

a 

f  d.Vo 

75  03 

74  33 

75  27 

74  20 

73  00 

78  60 

74  50 

71  70 

7  Ha? 
to. 01 

72  63 

79  ft7 

7A  7ft 

#0.  IV 

75  33 

7a  VI 

f  o.OU 

7 

78  67 

78  33 

75  03 

77  63 

75  40 

73  60 

78  97 

75  33 

72  00 

78  07 

73  43 

73  17 

79  07 

75  50 

73  60 

8  

80!80 

77!27 

76!  10 

79!00 

76!23 

74!  43 

79!  73 

76!  33 

72!  90 

78!  77 

74!23 

74!03 

79!  87 

76!47 

74!00 

10  

77.47 

76.80 

76.27 

76.03 

75.83 

74.90 

77.83 

76.90 

74.00 

77.33 

75.53 

75.00 

78.73 

77.40 

75.13 

1 1 

75  53 

72  50 

73  00 

74  63 

71  97 

72  37 

73  53 

74  27 

72  90 

73  13 

72  83 

79  A9 

75  63 

76  00 

75  10 

19 

70  63 

7n  77 

71  50 

70  43 

70  73 

79  M 

79  fia 

71  VI 

71  7ft 

7ft  fift 

71  H7 

77  97 

74  70 

74*23 

13 

70  90 

71.07 

71  27 

70  30 

70  80 

71  07 

72  00 

72  33 

70  67 

71  43 

71  33 

71  40 

73  40 

73  87 

73  27 

68  80 

68  73 

69  30 

68  07 

68  53 

69  23 

69  27 

70*  10 

89  80 

68*87 

69  50 

70'  13 

70  63 

72 '33 

72  33 

15  

69!  23 

67!  77 

67!97 

69!  67 

68!  17 

68!  33 

69!27 

68!83 

68!50 

69!  13 

68!33 

68!97 

69!27 

70!90 

71!  33 

17  

71.40 

70.23 

69.87 

71.77 

70.30 

69.60 

71.47 

70.10 

68.33 

71.53 

69.93 

69.27 

71.53 

70.20 

69.90 

18  

74.90 

72.27 

71.30 

75.60 

72.47 

70.70 

74.50 

71.33 

68.87 

74.60 

71.40 

70.03 

74.10 

70.93 

69.97 

19  

76.40 

73.67 

72.87 

75.47 

73.57 

71.93 

75.60 

73.07 

69.93 

75.77 

72.97 

71.27 

75.57 

72.20 

70.57 

20  

75.60 

73.77 

73.17 

75.23 

73.63 

72.27 

75.53 

73.37 

70.60 

75.63 

73.33 

71.87 

75.60 

73.03 

71.33 

21  

75.40 

73.47 

72.93 

75.77 

73.50 

72.23 

75.33 

73.47 

70.90 

75.63 

73.23 

72.10 

75.60 

73.43 

71.87 

22  

75.13 

73.23 

73.80 

75.73 

73.17 

72.17 

76.37 

73.53 

71.17 

74.97 

73.03 

72.20 

74.97 

73.77 

72.23 

24  

71.57 

72.37 

72.83 

70.77 

72.00 

72.27 

72.43 

73.43 

71.37 

71.73 

72.67 

72.40 

74.00 

74.23 

72.73 

25  

68.30 

67.97 

68.87 

67.67 

67.17 

68.87 

68.17 

69.63 

69.80 

67.47 

68.60 

70.13 

69.23 

72.30 

72.30 

26  

69.27 

68.37 

68.73 

68.43 

68.13 

68.63 

.68.90 

69.17 

68.60 

68.13 

68.13 

68.93 

69.90 

71.03 

71.13 

27  

72.10 

69.93 

69.57 

71.13 

69.83 

69.20 

71.47 

69.60 

68.10 

70.30 

68.80 

68.70 

71.70 

70.63 

70.33 

28  

68.83 

69.27 

69.67 

67.93 

68.80 

69.30 

68.90 

69.80 

68.47 

68.23 

68.90 

69.17 

70.77 

70.77 

70.13 

29  

65.93 

66.47 

67.20 

65.30 

66.10 

87.30 

66.23 

67.60 

67.50 

66.10 

66:83 

67.83 

67.67 

69.77 

69.83 

31  

69.03 

66.93 

66.50 

68.53 

68.83 

66.43 

68.20 

66.63 

65.67 

68.30 

66.13 

66.20 

67.50 

67.33 

68.07 

Average... 

73.39 

71.99 

71.77 

72.68 

71.88 

71.08 

73.35 

72.20 

70.37 

72.88 

71.20 

71.16 

74.02 

73.15 

72.14 
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TABLE  22.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  COVERED  WITH  SAND. 

SEPTEMBER,  1914. 


Date. 


Gravel. 


Sand. 


Clay. 


6' 

12* 

18' 

6* 

12* 

18' 

6' 

12* 

IB* 

6' 

12* 

18* 

6' 

18* 

1  

71.40 

69.53 

68.83 

70.77 

, 

69.63 

68.47 

7a. 00 

68.83 

66.83 

71.07 

68.53 

67.63 

70.13 

68.07 

67.67 

2  

69.27 

69.20 

69.20 

68.50 

68.93 

68.90 

69.73 

69.27 

67.37 

69.67 

69.00 

68.43 

69.97 

68.90 

68.20 

3  

65.33 

65.67 

66.43 

64.57 

65.77 

66.77 

65.97 

67.00 

66.77 

65.83 

66.53 

67.47 

66.87 

68.53 

68.53 

Do.  Od 

64  30 

DO.  la 

64  23 

65  60 

64  23 

65  70 

65.83  G3.90 

65  10 

66  33 

65  43 

67  47 

68  07 

5  

64.30 

64^00 

64.47 

63.90 

63!83 

64!83 

64!  10 

64!77 

64.87 

63.80 

m!i7 

65!  17 

64!37 

66!40 

67!  17 

7  

61.60 

63.33 

64.37 

61.00 

63.17 

64.77 

62.87 

64.80 

64.60 

62.93 

64.23 

65.23 

64.37 

65.93 

66.27 

8  

60.57 

61.20 

62.30 

60.23 

61.10 

62.97 

61.23 

62.90 

63.67 

61.20 

62.40 

63.90 

62.30 

64.83 

65.80 

9  

61.00 

60.97 

61.73 

60.53 

60.60 

62.17 

61.10 

62.17 

62.60 

60.83 

61.53 

63.03 

61.30 

63.70 

64.90 

10  

59.30 

60.50 

61.63 

57.93 

60.13 

62.13 

59.63 

61.87 

62.23 

59.40 

61.17 

62.53 

60.63 

63.13 

64.23 

11  

58.23 

59.67 

60.80 

57.60 

59.43 

61.40 

58.77 

60.97 

61.47 

58.67 

60.33 

61.80 

69.67 

62.23 

63.50 

12  

57.33 

57.73 

58.80 

56.77 

57.40 

59.53 

57. 10 

68.97 

80.33 

57.30 

58.43 

60.53 

57.53 

61.00 

62.70 

14  

62.07 

60.93 

60.90 

62.53 

61.13 

61.23 

61.53 

60.57 

59.90 

61.77 

60.47 

60.80 

61.10 

60.60 

61.57 

15  

65.87 

63.87 

63.20 

66.00 

64.07 

63.03 

64.83 

62.63 

61.07 

65.03 

62.67 

62.10 

63.83 

61.60 

61.70 

68.33 

65.60 

64.67 

68.37 

65.67 

64.23 

67.30 

64.23 

62.13 

67.23 

64.23 

63.27 

66.00 

62.90 

62.37 

17  

67.10 

65.60 

65.23 

66.60 

65.43 

64.83 

66.40 

65.03 

63.23 

65.87 

64.67 

64.30 

66.10 

64.17 

63.30 

18  

67.50 

65.87 

65.50 

66.83 

65.63 

65.10 

66.70 

65.47 

63.77 

66.10 

64.87 

64.67 

60.43 

64.97 

M.13 

19  

67.97 

66.30 

65.97 

67.60 

66.13 

65.47 

67.23 

65.93 

64.20 

66.63 

65.30 

64.87 

67.23 

65.63 

64.73 

21  

73.60 

70.17 

68.33 

73.63 

69.83 

67.67 

72.43 

68.43 

65.67 

71.80 

68.00 

66.47 

71. SO 

67.37 

66.03 

22  

72.40 

70.80 

69.97 

72.10 

70.53 

68.93 

72.13 

69.93 

66.77 

71.70 

69.53 

67.93 

72.53 

68.93 

66.83 

23  

64.20 

66.33 

67.30 

63.37 

65.90 

67.13 

65.50 

67.90 

66.87 

65.33 

67.27 

67.57 

68.23 

69.17 

67.90 

24  

58.83 

60.80 

62.47 

57.00 

60.30 

63.10 

59.63 

63.47 

64.73 

59.60 

62.60 

64.97 

62.47 

87.07 

67.50 

25  

58.70 

59.37 

60.60 

57.30 

59.17 

61.30 

58.97 

61.27 

62.50 

58.97 

60.47 

82.37 

60.70 

64.67 

66.10 

26  

58.33 

58.93 

59.90 

58.03 

58.77 

60.67 

58.33 

60.30 

61.23 

58.23 

59.60 

60.90 

60.00 

63.07 

64.53 

28  

60.30 

69.87 

60.47 

59.57 

59.77 

60.93 

59.60 

60.30 

60.40 

69.30 

59.73 

60.53 

60.40 

61.80 

62.63 

29  

62.10 

60.83 

60.97 

61.23 

60.77 

61.27 

61.00 

60.03 

60.40 

60.83 

60.30 

60.93 

61.40 

61  .'60 

62.30 

30  

62.20 

61.57 

61.77 

61.23 

61.37 

61.90 

61.13 

61.50 

60.77 

61.13 

61.10 

61.07 

62.23 

62.00 

62.20 

Average. . . 

63.91 

63.58 

63.89 

63.30 

63.42 

64.01 

63.79 

64.05 

63.47 

63.62 

63.55 

64.04 

64.35 

64.84 

65.03 

PmL 
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TABLE  23.-AVBRAQE  TEMPERATORE  OP  DIPPERENT  TYPES  OP  SOIL,  CX)VERED  WITH  SAND. 

OCTOBER,  1914. 


Qravel. 

Sand. 

Loam. 

Clay. 

PaaL 

Date. 

12* 

18' 

8' 

ir 

18* 

6" 

18' 

ir 

18* 

6' 

12* 

18' 



I  

(50.87 

60.46 

61.00 

60.10 

60.10 

61.27 

59.57 

60.67 

60.77 

59.57 

60.10 

61.20 

60.87 

61.87 

62.30 

60  27 

60  03 

60  60 

59  73 

59  57 

60  83 

58  93 

60  10 

60  83 

58  90 

59  47 

60  80 

60  83 

61  60 

62  17 

3:::::::::: 

59!  80 

59!73 

60!30 

59!30 

59.40 

60!53 

58!  77 

59!83 

59!93 

58i77 

59!20 

60!40 

59!97 

6l!83 

6l!97 

5  

64.93 

62.77 

62.13 

64.60 

62.57 

61.83 

63.53 

61.50 

59.90 

63.70 

60.87 

60.90 

63.43 

61.80 

•61.47 

6  

66.57 

64.37 

63.60 

66.20 

64.03 

63.10 

65.97 

63.03 

61.27 

65.40 

62.90 

62.20 

65.17 

62.37 

61.87 

7  

66.27 

64.47 

64.03 

65.97 

64.10 

63.53 

65.13 

63.67 

62.00 

65.20 

63.43 

62.93 

65.37 

63.28 

62.57 

8  

65.77 

65.10 

64.87 

64.93 

64.80 

64.20 

65.50 

64.53 

62.63 

65.43 

64.43 

63.70 

66.20 

64.10 

63.13 

Q 

66  97 

64  90 

64  43 

65  83 

64  67 

63  97 

65  97 

64  47 

62  83 

66  17 

64  27 

63  60 

66  03 

64  30 

63  63 

10  

65!  10 

64;97 

64!97 

64.60 

64!73 

64!47 

65!33 

65!00 

63!23 

65!33 

64.93 

64!30 

66!23 

64!90 

64!07 

12  

55.93 

58.03 

59.63 

54.20 

67.37 

66.20 

56.77 

60.30 

61.37 

56.83 

59.83 

61.60 

59.23 

63.00 

63.87 

13  

53.43 

56.23 

57.90 

51.57 

55.93 

58.63 

54.60 

58.70 

59.57 

54.77 

57.93 

50.97 

55.17 

61.40 

62.87 

14  

61.17 

53.33 

55.03 

49.80 

53.13 

56.33 

51.73 

65.33 

67.60 

51.93 

55.07 

57.87 

54.50 

59.30 

61.60 

15  

55.53 

54.87 

55.33 

54.83 

54.97 

56.17 

54.83 

55.13 

56.20 

55.13 

55.00 

56.47 

55.13 

57.57 

59.90 

16  

57.27 

57.63 

57.20 

56.23 

57.20 

57.60 

67.13 

56.67 

56.37 

57.33 

56.80 

57.03 

57.03 

57.37 

58.80 

17.... 

56.13 

56.57 

57.17 

55.40 

56.43 

57.63 

55.97 

56.83 

56.87 

56.27 

56.73 

57.43 

56.47 

57.27 

58.20 

19  

54.83 

55.33 

56.13 

54.70 

55.13 

56.80 

64.57 

55.97 

56.57 

54.73 

55.73 

56.97 

54.67 

56.73 

58.10 

20  

56.10 

55.67 

56.17 

56.03 

55.87 

.W.70 

55.57 

55.93 

56.20 

65.83 

55.37 

56.47 

55.37 

56.63 

57.73 

21 

57  33 

56  80 

57  07 

57  27 

57  13 

57  60 

56  93 

56  77 

56  37 

01  .£0 

66  77 

57  13 

56  53 

56  63 

0/  .00 

22  

57.53 

67;i0 

57!  43 

57!  13 

57^33 

57.77 

57!03 

57!23 

56!83 

57.30 

67!23 

57.63 

56.77 

57!00 

57.70 

23  

55.97 

56.30 

57.13 

65.73 

56.40 

57.50 

55.77 

56.90 

56.83 

56.03 

56.87 

57.57 

56.17 

57.10 

57.77 

24  

53.00 

54.93 

56.50 

52.40 

55.37 

57.20 

53.77 

56.17 

56.77 

54.10 

56.33 

57.43 

55.30 

57.03 

57.80 

26  

48.23 

49.47 

51.27 

48.23 

48.77 

52.80 

48.27 

51.37 

53.47 

49.00 

51.10 

53.50 

49.83 

53.87 

56.47 

27  

41.27 

43.00 

48.07 

44.67 

46.77 

49.20 

41.80 

48.47 

51.67 

52.57 

48.03 

50.87 

46.40 

52.17 

55.20 

28  

43.10 

45.40 

47.20 

42.17 

45.03 

48.37 

42.37 

46.83 

49.60 

42.97 

45.63 

49.10 

43.97 

49.90 

53.57 

29  

45.13 

46.90 

48.23 

43.70 

47.47 

48.03 

45.60 

47.30 

48.77 

46.13 

47.43 

48.70 

45.70 

48.80 

52.10 

30  

44  23 

45.87 

47.40 

44.13 

45.53 

46.10 

43.67 

46.03 

49  03 

44.10 

46.27 

48.60 

44.37 

48.13 

61.10 

31  

45  57 

46.13 

47.40 

45.60 

46.33 

48.03 

45.37 

46.43 

48.13 

45.67 

46.40 

48.30 

44.70 

47.60 

50.33 

Average. . . 

56.88 

56.16 

56.97 

56.54 

56.15 

57.57 

65.56 

56.71 

57.45 

66.79 

56.45 

57.51 

66.33 

67.87 

69.03 
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TABLE  24.-AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  COVERED  WITH  SAND. 

NOVEMBER.  1914. 


Date. 


QraveL 


Sand. 


6' 

12' 

18' 

12' 

18 

6' 

ir 

18' 

6' 

12' 

18* 

6' 

12* 

18* 

9 

4o.  «f 

OA 

49.  oO 

50 

00 

47 

53 

49.47 

50 

83 

48 

07 

49 

33 

49 

73 

'48 

40 

49 

20 

50 

43 

At  AO 

47.93 

AA  77 

50  30 

49. 70 

49.30 

49 

73 

48 

80 

49.60 

50 

37 

48 

83 

49 

20 

49 

77 

49 

30 

49 

23 

50 

07 

48. 17 

4tf .  Ml 

50  63 

4  

47.60 

49.10 

49 

97 

46 

67 

49.40 

50 

83 

48 

17 

49 

70 

50 

13 

48 

47 

49 

60 

50 

70 

48.40 

49.57 

50^83 

5  

44.20 

46.60 

48 

13 

41 

50 

46.50 

49 

40 

45 

10 

48 

33 

49 

63 

45 

30 

48 

07 

50 

03 

46.50 

49.43 

51.10 

42.77 

44.90 

46 

30 

42 

03 

45.10 

47 

67 

43 

80 

46 

47 

47 

30 

43 

87 

46 

27 

48 

67 

44.60 

48.37 

CA  OA 
OU.OU 

.  „ 
40.33 

45.97 

46 

50 

45 

33 

46.10 

47 

50 

45 

80 

46 

17 

47 

67 

46 

17 

46 

23 

47 

90 

44.90 

AT  M 
4/  .90 

KA  nn 

Ai  A7 

43 

73 

37 

00 

42.20 

45 

40 

40 

03 

44 

03 

46 

77 

39 

87 

44 

00 

46 

70 

42. 10 

AH  7rt 

49  17 

10  

41.00 

42.23 

43 

43 

39 

10 

42.23 

44 

87 

40 

43 

43 

10 

45 

33 

41 

17 

43 

00 

45 

47 

40.93 

45.27 

48!30 

11  

40.27 

41.93 

43 

23 

39 

90 

42.20 

44 

73 

40 

37 

42 

83 

44 

90 

41 

23 

42 

93 

45 

20 

40.83 

44.73 

47.43 

12  

39.33 

41.17 

42 

63 

36 

33 

41.17 

44 

17 

39 

60 

42 

47 

44 

63 

40 

00 

42 

33 

40 

77 

40.30 

43.97 

46.83 

13  

42.13 

42.90 

43 

50 

38 

30 

43.27 

44 

73 

41 

80 

42 

87 

44 

20 

42 

40 

42 

97 

44 

53 

41.30 

43.50 

46.30 

14  

39.57 

41.30 

42 

67 

38 

03 

41.33 

44 

03 

39 

90 

42 

27 

44 

27 

40 

30 

42 

23 

44 

43 

40.17 

43.37 

45.93 

16  

38.07 

41.60 

43 

53 

37 

43 

41.57 

44 

83 

39 

17 

43 

23 

44 

70 

39 

50 

43 

10 

45 

20 

40.50 

43.80 

45.77 

17  

35.83 

38.93 

40 

80 

35 

13 

39.00 

42 

50 

36 

53 

40 

97 

43 

77 

36 

70 

40 

67 

43 

37 

38.90 

43.13 

45.70 

18  

33.63 

37.00 

38 

93 

33 

23 

47.17 

40 

87 

34 

60 

39 

27 

42 

37 

34 

67 

38 

60 

41 

87 

37.07 

41.93 

45.20 

19  

33.80 

36.47 

38 

10 

33 

43 

36.73 

39 

93 

34 

37 

38 

10 

41 

13 

34 

57 

37 

73 

40 

73 

36.20 

40.83 

44.33 

20  

33.83 

36.33 

37 

80 

33 

23 

36.40 

39 

53 

34 

07 

37 

63 

40 

47 

34 

50 

37 

30 

40 

13 

35.67 

39.97 

43  40 

21  

33.70 

36.17 

37 

53 

33 

10 

36.13 

39 

20 

33 

93 

37 

27 

39 

80 

34 

40 

37 

03 

39 

63 

35.17 

39.40 

42.67 

23  

32.57 

35.33 

36 

93 

31 

83 

35  40 

38 

53 

33 

60 

36 

80 

39 

27 

34 

00 

36 

63 

39 

10 

34.60 

38  27 

41.47 

24  

32.13 

34.70 

36 

37 

31 

63 

34.80 

37 

93 

33 

37 

36 

43 

38 

67 

33 

60 

36 

27 

38 

60 

34.33 

37.83 

40.93 

25  

32.57 

34.83 

36 

23 

32 

27 

34.90 

37 

80 

33 

33 

36 

17 

38 

27 

S3 

87 

36 

13 

38 

27 

34.23 

37  53 

40  63 

26  

37.67 

36.70 

36 

97 

37 

13 

36.67 

38 

10 

35 

67 

36 

30 

38 

07 

37 

23 

36 

70 

38 

23 

34.10 

37.30 

40.30 

27  

38.10 

39.70 

40 

17 

37 

67 

39.87 

40 

83 

38 

40 

39 

07 

39 

33 

39 

33 

39 

87 

40 

23 

34.67 

37.30 

40  13 

28  

34.87 

37.47 

38 

73 

34 

30 

37  43 

39 

93 

35 

30 

38 

43 

40 

07 

35 

72 

38 

53 

40 

57 

35  13 

37  50 

40.33 

30  

44.50 

42.53 

41 

63 

44 

67 

42.90 

41 

93 

43 

03 

40 

37 

39 

93 

43 

n 

40 

83 

40 

50 

39.30 

37.97 

40.37 

Average. . 

39.26 

40.97 

42.14 

38.22 

41.50 

43.46 

39.49 

41.87 

43.61 

39.93 

41.72 

43.65 

39.84 

42.92 

45.55 

Clay. 


Paat. 
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BEGINNING  WITH  FOURTH  YEAR. 

TABLE  25.— AVERAGE  TEMPERATURE  OP  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED  WITH  SAND, 

DECEMBER.  1914. 


Date. 


GraveL 


Sand. 


r 

4 

r 

6' 

4' 

6' 

4' 

6' 

2' 

4* 

6* 

r 

4» 

6' 

2  

46 

00 

42 

97 

46 

50 

45 

47 

49 

43 

46 

57 

45 

90 

46 

17 

45 

30 

46 

27 

46 

17 

46 

17 

45 

73 

45.40 

45.40 

3  

38 

73 

39 

80 

40 

87 

37 

57 

38 

63 

40 

27 

38 

57 

40 

57 

41 

13 

39 

23 

40 

67 

41 

73 

40 

17 

41.67 

43.37 

4 

35 

67 

36 

57 

37 

68 

35 

67 

36 

40 

37 

43 

39 

03 

37 

23 

37 

83 

36 

13 

37 

20 

38 

33 

37 

03 

38  57 

40  70 

5  

36 

57 

37 

03 

37 

43 

36 

63 

37 

00 

37 

57 

36 

20 

37 

00 

37 

17 

37 

03 

37 

00 

37 

60 

36 

80 

37^63 

39^30 

7  

33 

77 

34 

53 

35 

37 

33 

47 

34 

30 

36 

33 

33 

67 

34 

97 

35 

47 

34 

13 

34 

93 

35 

87 

34 

90 

36.07 

37.70 

8  

32 

47 

33 

57 

34 

33 

32 

47 

33 

47 

34 

37 

32 

53 

33 

87 

34 

27 

32 

97 

33 

70 

34 

60 

33 

60 

34.77 

36.73 

9  

32 

37 

33 

30 

34 

07 

32 

07 

33 

33 

34 

17 

32 

40 

33 

63 

34 

03 

32 

67 

33 

40 

34 

27 

33 

40 

34.30 

36.07 

10  

32 

00 

33 

10 

33 

87 

31 

80 

32 

90 

33 

77 

32 

40 

33 

50 

33 

80 

32 

30 

33 

07 

^ 

83 

33 

10 

33.90 

35.53 

30 

63 

32 

40 

33 

27 

28 

50 

31 

10 

32 

77 

32 

10 

33 

20 

33 

53 

31 

17 

32 

23 

33 

30 

32 

27 

33  57 

35  20 

12  

30 

17 

31 

60 

32 

53 

28 

57 

30 

27 

31 

97 

31 

53 

32 

83 

33 

13 

30 

07 

31 

53 

32 

47 

32 

30 

33!30 

34^77 

14  

30 

17 

31 

87 

32 

70 

25 

23 

28 

33 

31 

13 

31 

37 

32 

73 

33 

13 

30 

70 

31 

90 

32 

70 

32 

27 

33.00 

34.43 

28 

73 

30 

17 

31 

30 

23 

23 

26 

03 

28 

30 

30 

20 

32 

13 

32 

57 

28 

33 

30 

03 

31 

67 

31 

33 

34. 13 

16  

28 

60 

30 

07 

81 

00 

22 

10 

25 

33 

27 

60 

29 

90 

31 

77 

32 

43 

28 

17 

29 

70 

31 

13 

31 

23 

32.43 

33.97 

17  

28 

37 

29 

87 

30 

73 

22 

80 

25 

23 

27 

10 

29 

60 

31 

43 

32 

57 

28 

13 

29 

50 

30 

83 

31 

00 

32.33 

33.70 

18  

28 

93 

29 

87 

30 

50 

24 

93 

26 

17 

27 

37 

29 

63 

31 

10 

31 

83 

28 

63 

29 

33 

30 

47 

30 

97 

32.10 

33.47 

19  

31 

10 

31 

57 

31 

77 

29 

87 

30 

93 

31 

27 

30 

83 

31 

57 

31 

70 

30 

60 

30 

83 

31 

23 

31 

87 

32.00 

33.37 

21  

31 

17 

31 

70 

31 

97 

29 

37 

30 

70 

31 

23 

30 

93 

31 

77 

31 

70 

31 

00 

31 

20 

31 

63 

31 

70 

32.00 

32.27 

22  

31 

17 

31 

80 

32 

07 

29 

00 

30 

00 

30 

83 

30 

70 

31 

70 

31 

90 

31 

00 

31 

27 

31 

90 

31 

63 

32.10 

33.27 

23  

31 

23 

31 

83 

32 

17 

29 

17 

30 

23 

31 

07 

30 

67 

31 

60 

31 

90 

30 

93 

31 

37 

31 

83 

31 

53 

32.03 

33.17 

24  

31 

33 

31 

97 

32 

23 

28 

90 

30 

53 

31 

27 

30 

47 

31 

63 

31 

80 

31 

37 

31 

37 

31 

90 

31 

56 

32.03 

33.20 

26  

30 

50 

31 

30 

31 

90 

26 

77 

28 

60 

29 

90 

30 

33 

31 

37 

31 

63 

30 

27 

30 

97 

31 

67 

30 

87 

31.83 

33.10 

28  

31 

43 

31 

97 

32 

10 

29 

40 

30 

93 

31 

43 

30 

73 

31 

50 

31 

53 

31 

10 

31 

30 

31 

67 

31 

50 

31.63 

32.67 

29  

31 

80 

32 

20 

32 

27 

30 

87 

31 

70 

32 

00 

31 

07 

31 

67 

31 

63 

31 

47 

31 

50 

31 

87 

31 

90 

31.73 

32.60 

30  

32 

10 

32 

37 

32 

33 

31 

53 

32 

13 

32 

33 

31 

33 

31 

97 

31 

80 

31 

80 

31 

83 

32 

07 

32 

03 

31.87 

32.70 

31  

31 

93 

32 

40 

32 

43 

30 

63 

31 

60 

32 

17 

31 

27 

32 

10 

31 

93 

31 

60 

31 

93 

32 

20 

31 

77 

31.97 

32.80 

Aveiilg«. . . 

32.28 

33.03 

33.73 

30.23 

31.81 

32.77 

32.54 

33.56 

33.83 

32.2B 

32.96 

33.72 

33.30 

34.04 

35.35 

Clay. 


PMt. 
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TABLE  2fl.-AVBRAGB  TEMPERATURE  OP  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND. 

JANUARY,  Ifilfi. 


Gravel. 


Loam. 


2* 

4' 

.4" 

6' 

r 

4' 

6* 

2* 

4* 

6' 

2* 

4' 

8' 

2  

32.13 

32.40 

32.43 

31.43 

32.10 

32.33 

31.37 

32.03 

31.90 

31.93 

31.93 

32.20 

31.90 

31.80 

32.70 

4  

31.73 

32.30 

32.40 

30.87 

31.63 

32.13 

30.97 

31.73 

31.73 

31.40 

31.57 

32.10 

31.30 

31.53 

32.50 

5  

32.00 

32.30 

32.33 

31.43 

32.00 

32.27 

31.13 

31.73 

31.60 

31.67 

31.33 

32.10 

31.57 

31.53 

32.37 

6  

32.13 

32.30 

32.37 

31.83 

32.13 

32.30 

31.33 

31.93 

31.63 

32.07 

31.67 

32.17 

32.00 

31.63 

32.37 

7 

32.27 

32.47 

32.43 

32.10 

32.33 

32.40 

31.80 

32.10 

31.83 

32.43 

32.30 

32.30 

32.33 

31.93 

32.37 

8  

32.33 

32.53 

32.63 

32.13 

32.37 

32.43 

31.93 

32.20 

31.97 

32.50 

32.37 

32.30 

32.30 

32.03 

32.47 

9  

32.33 

32.60 

32.87 

31.83 

32.37 

32.57 

31.87 

32.27 

32.03 

32.53 

32.40 

32.33 

32.43 

32.03 

32.57 

11  

32.20 

82.57 

32.80 

31.87 

32.27 

32.60 

31.50 

32.17 

32.00 

32.17 

32:27 

32.30 

32.30 

31.93 

32.43 

12  

32.30 

32.77 

33.03 

31.93 

32.40 

32.67 

31.73 

32.23 

32.03 

32.37 

32.30 

32.43 

32.30 

31.97 

32.57 

13  

32.30 

32.80 

33.07 

31.97 

32.33 

32.77 

31.73 

32.20 

32.07 

32.30 

32.30 

32.47 

32.30 

32.03 

32.53 

14  

32.30 

32.73 

33.07 

31.73 

32.33 

32.83 

31.47 

32.20 

32.07 

32.20 

32.30 

32.53 

32.30 

31.87 

32.53 

15  

32.30 

32.80 

33.17 

31.50 

32.37 

32.83 

31.57 

32.17 

32.07 

32.27 

32.27 

32.60 

32.30 

31.97 

32.53 

16  

32.33 

32.87 

33.17 

31.00 

32.37 

32.93 

31.47 

32.17 

32.07 

32.20 

32.30 

32.60 

32.30 

31.07 

32.57 

18 

32  37 

32  87 

oo.  lo 

o£.  16 

70  R7 

74  07 

71  07 

70  7n 

79  17 

oJt.  la 

32  47 

32.40 

32.67 

32  30 

32  03 

32  47 

19  

32!40 

32^87 

33.17 

32.10 

32.53 

33.00 

31.90 

32.23 

32.13 

32^30 

32.40 

32.77 

32.80 

3l!97 

32!47 

20  

32.30 

32.85 

33.15 

32.10 

32.50 

32.95 

31.75 

32.35 

32.25 

32.20 

32.40 

32.85 

32.85 

32.00 

32.50 

21  

32.30 

32.77 

33.17 

31.53 

32.27 

32.87 

31.57 

32.30 

32.27 

32.17 

32.30 

32.90 

32.37 

32.07 

32.63 

22  

32.17 

32.83 

33.20 

30.33 

31.37 

32.67 

31.40 

32.37 

32.37 

31.87 

32.37 

32.93 

32.43 

32.17 

32.80 

23  

32.07 

32.57 

33.00 

30.27 

30.90 

32.30 

31.33 

32.27 

32.30 

32.03 

82.27 

32.67 

32.33 

32.10 

32.73 

25  

31.27 

31.97 

32.47 

29.17 

29.93 

31.07 

30.97 

32.07 

32.17 

31.47 

31.97 

32.50 

32.00 

32.07 

32.70 

26  

30.97 

31.83 

32.37 

28.53 

29.83 

30.80 

30.73 

31.97 

32.13 

31.30 

31.77 

32.43 

31.87 

32.07 

32.73 

27  

30.70 

31.40 

32.13 

27.70 

28.63 

30.07 

30.57 

31.87 

32.10 

31.13 

31.63 

32.40 

31.70 

31.97 

82.77 

28  

30.47 

31.13 

32.03 

27  43 

28.50 

29.97 

30.43 

31.70 

31  97 

30.93 

31.57 

32.43 

31.63 

32.00 

32.90 

29  

30.37 

30.97 

31.67 

27.23 

28.27 

29.60 

30.33 

31.47 

31  90 

30.73 

31.33 

32.30 

31.47 

31.87 

32.77 

30  

29.07 

29.90 

30.87 

24.63 

25  83 

27.77 

29.53 

31.03 

31.67 

30.17 

30.83 

32.17 

30.80 

31.57 

32.47 

Avange. . . 

31.81 

32.30 

32.65 

30.98 

31.28 

31.96 

31.28 

32.(» 

32.02 

31,87 

32.031  32.46 

32.06 

31.83 

32.58 

Clay. 
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TABLE  27.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND, 

FEBRUARY.  1915. 


Gravel. 

Sand. 

Loam. 

Clay. 

Peat. 

Dale. 



2' 

4' 

2' 

4* 

6' 

2' 

6' 

•4 

6' 

2* 

4* 

6' 

1  

32.10 

32.17 

32.20 

32.13 

32.33 

32.43 

31.27 

31  63 

31 

50 

32.03 

31.77 



32.10 

32.17 

31.70 

32.43 

2  

32.30 

32.40 

32.40 

32.23 

32.40 

32.57 

31.57 

32.03 

31 

63 

31 .80 

32.00 

32.30 

32.30 

31.93 

32;  47 

3  

32.03 

32.40 

32.40 

32.23 

32.47 

32.50 

31.30 

32.03 

31 

70 

31.07 

31.40 

32.30 

32.33 

31.93 

32.47 

4  

31.07 

31.73 

32.17 

32.20 

32.43 

32.50 

31.03 

31.80 

31 

70 

30.80 

31.20 

32.00 

32.30 

31.87 

32.43 

5  

32.00 

32.30 

32.83 

32.10 

32.37 

32.40 

31.27 

31.83 

31 

53 

31.73 

31.63 

32.03 

32.20 

31.87 

32.37 

6  

32.23 

32.37 

32.40 

32.17 

32.40 

32.47 

31.63 

32.07 

31 

67 

32.30 

32.13 

32.27 

32.30 

31.90 

32.50 

8  

32.27 

32.43 

32.50 

32  23 

32  47 

32  67 

31.53 

32.17 

31 

83 

32  20 

32.20 

32.40 

32  30 

31.97 

32.50 

9  

31.83 

32.33 

32.50 

32.17 

32.40 

32.70 

31.20 

32.07 

31 

77 

31.77 

32.07 

32.37 

32.30 

31.93 

32.50 

10.....  

31.23 

32.03 

32.43 

32.20 

32.43 

32.83 

30.73 

31.73 

31 

80 

31.20 

31.73 

32.37 

32  30 

31.97 

32.43 

11  

32.00 

32.27 

32.30 

32.00 

32.37 

32.67 

31.13 

31.70 

31 

50 

31.90 

31.93 

32.23 

32.17 

31.77 

32.33 

32.10 

■32.30 

32.35 

32.05 

32.35 

32.70 

31.45 

31.95 

31 

55 

32.20 

32.10 

32.30 

32.25 

31.85 

32.35 

13  

32.13 

32.40 

32.40 

32.07 

32.47 

32.77 

31.60 

32.03 

31 

67 

32.30 

32.20 

32.37 

32.23 

31.80 

32.47 

15  

32.20 

32.35 

32.60 

32.15 

32.60 

32.85 

31.80 

32.10 

31 

75 

32.40 

32.35 

32.40 

32.30 

31.90 

32.40 

16  

31.53 

32.33 

32.67 

31.77 

32.43 

32.83 

31.03 

32.10 

31 

83 

31.63 

32.20 

32.53 

32.03 

31.90 

32.47 

17  

30.33 

31.17 

32.17 

29.90 

31.03 

32.37 

29.60 

31.17 

31 

70 

30.67 

31.40 

32.30 

30.40 

31.37 

32.37 

18  

30.73 

31.87 

32.33 

30.70 

31.00 

32.47 

29.77 

31.07 

31 

50 

30.87 

31.60 

32.27 

30.33 

31.13 

32.37 

19  

30.00 

31.60 

32.30 

30.00 

31.80 

32.55 

29.45 

31.20 

31 

45 

30.30 

31.35  32.25 

29.40 

30.65 

32.35 

20  

31.97 

32.50 

32.33 

32.27 

33.00 

33.03 

31  20 

31.77!  31 

53 

31.67 

31.97 

32.30 

31  30 

31.43 

32.30 

22  

40.10 

39.30 

38.13 

40.00 

39.40 

38.50 

34.53 

32.13 

31 

63 

35.57 

32.531  32.33 

32.10 

31.53 

32.23 

24  

35.33 

36.57 

37.23 

35.57 

36.40 

37.27 

34.13 

34.73 

34 

27 

36.47 

37.13 

37.70 

82.40 

31.80 

32.33 

25  

32.80 

33.60 

34.17 

32.701  33.60 

34.30 

32.60 

33.43 

33 

40 

33.60 

34.10;  .34.80 

32.30 

31.93 

32.40 

26  

31.80 

32.83 

33  27 

30.87!  32.27 

33.07 

32.33 

33.27 

33 

13 

32.67 

33.27 

33.70 

32.27 

31.90 

32.37 

27  

30.70 

31  90 

32.53 

28.47 

29.73 

31.53 

32.17 

32.93 

32 

80 

31.70 

32.70 

33.17 

32.27 

31.87 

32.37 

Average. . . 

32.21 

32.74 

32.96 

32.1? 



32.73 

33.13'  31.49 

32.13 

31. 9E 

32.11 

?2.31 

j  32.73 

31.93 

31.74 

32.40 
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TABLE  28.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED  WITH  SAND. 

MARCH.  1915, 


GraveL 

Sand. 

Loam. 

Clay. 

Peat 

Date. 

r 

6 

4' 

6' 

r 

4' 

6' 

2' 

4' 

6' 

4' 

6' 

29.27 

29.73 

30 

77 

29.00 

29.90 

30.  ff) 

30.67 

32.43 

32.30 

29.33 

30.80 

32 

07 

30.70 

31.70 

32.37 

2  

31.50 

32.07 

32 

20 

32  10 

32  27 

32  37 

31  47 

32  37 

32.27,  31.40 

31  57 

32 

13 

31  87 

31  67 

32.33 

3  

28.30 

29.67 

30 

47 

29.07 

30  33 

31  70 

29.10 

32.10 

32.03 

28.97 

30^47 

ol 

K7 
Ol 

29.37 

30.60 

32  37 

29.47 

30.37 

30 

20 

29.83 

30.77 

31.80 

29.63 

31.83 

31.90 

29.53 

30.43 

Ol 

A1 
^6 

29.93 

30.60 

32.27 

5  

30.50 

31.13 

31 

43 

31.13 

31.97 

32.33 

29.97 

31.53 

31.60 

30.57 

31.07 

Ol 

Ofi 

W 

30.73 

31.00 

32.23 

6  

31.63 

32.03 

32 

07 

31.77 

32.13 

32.33 

31.07 

31.80 

31.60 

31.43 

31.53 

Ol 

oo 

31.63 

31.13 

32.17 

32.03 

32.23 

32 

30 

31.90 

32.23 

32.33 

31.43 

31.03 

31.73 

31.70 

31.90 

32 

07 

31.80 

31.87 

32.20 

9  

31.47 

31.90 

32 

30 

30  83 

31.70 

32  30 

31  43 

32  07 

31  70 

31  67 

31  67 

32 

07 

31  60 

31.47 

32.17 

10  

32.07 

32.33 

32 

27 

31.87 

32.23 

32.33 

31.83 

32.17 

31  73 

32  33 

32.07 

32 

17 

32.17 

31.57 

32.13 

32 . 13 

32.40 

32 

30 

32.23 

32.30 

32.43 

31.90 

32.17 

31.80 

32^40 

32.27 

32 

20 

32.20 

31.63 

32.13 

34 . 27 

34.37 

34 

10 

34.63 

34.63 

34.63 

31.57 

32.13 

31  83 

32.70 

32.27 

32 

17 

32.13 

31.63 

32.13 

13  

38 . 73 

37.33 

36 

17 

37.73 

36.63 

36.10 

34.40 

33.90 

32.70 

34.40 

33.27 

32 

40 

32.13 

31.63 

32.13 

38. 10 

37.73 

37 

23 

37.03 

37.^7 

37.30 

37.40 

37.03 

36  00 

37  60 

36.90 

36 

50 

32.80 

31.67 

32.17 

16   

35.90 

35.97 

35 

67 

36.33 

36.20 

36.07 

35.00 

35.53 

35.00 

35.77 

35.53 

35 

53 

32.37 

31.70 

32.17 

17  

34.00 

34.23 

34 

73 

34.87 

34.87 

35.37 

32.70 

34.47 

34.07 

33.47 

34.17 

34 

40 

32.20 

31.77 

32.20 

18  

38.30 

37.13 

36 

20 

38.70 

37.87 

36.93 

35.50 

35.63 

34.70 

35.63 

35.37 

35 

17 

32.17 

31.67 

32.17 

19  

39.27 

38.37 

37 

47 

39.50 

38  80 

37  97 

37  87 

37  17 

35.97 

38.00 

36  77 

36 

30 

32.23 

31.70 

32.17 

20  

40.00 

38.97 

38 

00 

39  63 

39.13 

38.30 

38.57 

37.40 

36.27 

38.67 

37.50 

36 

97 

32.47 

31.70 

32  20 

22  

36.03 

35.77 

35 

53 

36.00 

35.83 

35.73 

34.43 

34.70 

34.17 

35.^60 

35.23 

35 

13 

32.27 

31.80 

32.23 

23  

40.43 

39.27 

38 

13 

40.43 

39  47 

38.43 

37.93 

36  87 

35.47 

38  43 

37.13 

36 

37 

32.37 

31.70 

32  27 

24  

40  30 

39.37 

38 

30 

40.03 

39.33 

38.40 

38.03 

37.07 

35.80 

38.57 

37.40 

36 

83 

32.83 

31.73 

32.23 

25  

39  93 

40.30 

40 

07 

40.10 

40.43 

40.43 

39.17 

39.20 

38.10 

39.87 

39.43 

39 

00 

33.67 

31.67 

32.20 

26  

33.47 

34.50 

35 

33 

33.47 

34.43 

35.53 

32  07 

34.37 

34.53 

37.87 

34.80 

35 

53 

32.27 

31.90 

32.30 

27  

35.70 

34.83 

35 

17 

35  43 

34.80 

35.43 

32.80 

33.87 

33.63 

33.87 

34.40 

34 

50 

31.83 

31.80 

32.27 

29  

30.27 

31.70 

32 

50 

29.83 

31  33 

32.63 

30  67 

32.43 

32.70 

31  60 

32.70 

33 

50 

31.20 

31.97 

32  33 

30  

31.33 

31.67 

32 

00 

30.23 

31  ()3 

31  97 

30.20 

31.60 

32.03 

30.70 

31  97 

32 

50 

31.60 

31.77 

32  30 

31  

32.60 

32.53 

32 

70 

32.63 

32,77 

33.23 

31.50 

32  13 

32.03 

32.17 

32  30 

32 

60 

31.80 

31.83 

32.30 

Avenge.. . 

34.33 

34.37 

34.28 

34.34 

34.48 

34.64 

33.27 

33.89 

33.47 

33.88 

33.74 

33 

88 

31.86 

31.89 

32.23 
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TABLE  29.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND, 

APRIL,  1915. 


Gravel. 

Sand. 

Lm 

m. 

Clay. 

PeaL 

4' 

6' 

4' 

6 

2' 

4' 

6 

2' 

4' 

8' 

2' 

4' 

6' 

1  

37 

47 

36 

77 

35 

83 

38 

13 

37 

53 

36 

70 

33 

53 

32 

53 

32 

17 

34 

20 

33 

20 

33 

10 

32 

13 

31 

67 

32.30 

2 

39 

13 

38 

63 

37 

43 

39 

27 

38 

93 

38 

30 

37 

77 

36 

63 

34 

80 

37 

90 

36 

63 

35 

63 

32 

17 

31 

70 

32  30 

3  

39 

50 

38 

50 

37 

47 

39 

20 

38 

50 

37 

67 

37 

83 

36 

87 

36 

57 

37 

83 

36 

67 

2S 

20 

32 

20 

31 

73 

32!  33 

5  

43 

10 

42 

17 

41 

03 

43 

40 

42 

60 

41 

50 

43 

00 

2 

57 

38 

77 

41 

87 

40 

43 

39 

43 

32 

67 

31 

67 

32.30 

6  

50 

67 

47 

77 

45 

10 

51 

07 

48 

83 

46 

00 

48 

30 

44 

67 

41 

23 

47 

27 

44 

17 

42 

10 

36 

73 

31 

67 

32.33 

7  

53 

73 

51 

03 

48 

47 

53 

60 

51 

47 

49 

07 

51 

37 

47 

83 

44 

63 

50 

37 

47 

37 

45 

40 

38 

63 

31 

70 

32.37 

g 

53 

73 

50 

97 

48 

73 

52 

67 

50 

60 

48 

57 

51 

13 

48 

07 

45 

60 

49 

87 

47 

20 

45 

90 

37 

73 

31 

70 

32  40 

9  

51 

50 

49 

77 

48 

60 

51 

27 

49 

90 

48 

73 

49 

90 

48 

10 

46 

33 

48 

90 

47 

50 

46 

73 

38 

07 

32 

63 

32^80 

10  

51 

90 

51 

30 

60 

37 

52 

07 

51 

57 

50 

80 

51 

43 

60 

20 

48 

20 

53 

17 

49 

63 

49 

07 

44 

17 

36 

93 

36.40 

12  

38 

83 

39 

57 

40 

20 

38 

43 

39 

17 

39 

87 

39 

27 

40 

43 

40 

67 

40 

03 

40 

63 

41 

47 

39 

23 

39 

77 

41. OQ 

13  

47 

93 

45 

90 

43 

97 

48 

83 

46 

90 

44 

63 

46 

73 

44 

00 

41 

60 

45 

57 

43 

20 

41 

80 

44 

63 

40 

77 

40.40 

14  

53 

60 

50 

43 

47 

83 

53 

77 

51 

50 

48 

93 

50 

47 

47 

13 

44 

30 

60 

37 

47 

13 

46 

27 

47 

90 

43 

83 

42.77 

15  

55 

37 

53 

47 

50 

67 

55 

57 

53 

83 

51 

77 

53 

37 

60 

27 

46 

77 

52 

57 

49 

73 

47 

87 

49 

73 

45 

70 

44.33 

16 

51 

00 

50 

17 

49 

60 

51 

10 

60 

80 

50 

13 

50 

13 

49 

37 

47 

60 

49 

90 

48 

70 

48 

43 

49 

10 

47 

23 

46  77 

17  

57 

70 

54 

80 

51 

30 

57 

90 

55 

60 

52 

43 

55 

97 

51 

27 

47 

on 

54 

03 

60 

27 

47 

70 

51 

20 

46 

07 

44.87 

19  

65 

00 

61 

87 

58 

50 

64 

97 

62 

57 

59 

53 

63 

40 

58 

57 

53 

67 

61 

73 

57 

73 

54 

70 

57 

27 

61 

60 

49.13 

on 

64 

77 

62 

33 

59 

83 

64 

40 

62 

63 

63 

73 

57 

43 

60 

30 

56 

13 

62 

10 

59 

10 

56 

87 

57 

97 

63 

93 

61  70 

21  

57 

17 

56 

63 

56 

63 

56 

83 

56 

20 

55 

67 

57 

13 

56 

00 

63 

73 

55 

77 

54 

47 

63 

67 

62 

47 

61 

27 

5l!l3 

22  

61 

67 

59 

10 

56 

67 

62 

20 

60 

a3 

57 

60 

60 

63 

57 

00 

53 

63 

59 

20 

56 

30 

64 

27 

57 

23 

62 

97 

61.40 

23  

65 

77 

69 

10 

64 

83 

66 

27 

70 

27 

66 

43 

71 

83 

65 

67 

59 

73 

69 

53 

64 

90 

60 

87 

67 

07 

60 

33 

55.87 

24  

76 

43 

73 

17 

69 

23 

76 

23 

73 

67 

70 

33 

75 

97 

70 

17 

64 

33 

73 

33 

68 

67 

66 

30 

70 

10 

64 

30 

60.27 

26  

76 

87 

74 

67 

71 

67 

76 

20 

74 

23 

71 

83 

76 

87 

72 

73 

67 

87 

74 

50 

70 

57 

68 

40 

71 

43 

67 

13 

64.23 

27  

74 

77 

73 

10 

70 

80 

74 

17 

52 

60 

70 

70 

76 

33 

71 

93 

67 

77 

73 

20 

69 

13 

68 

10 

69 

90 

68 

50 

64.60 

28  

72 

93 

72 

60 

70 

33 

73 

47 

72 

10 

70 

30 

74 

70 

71 

73 

67 

63 

72 

43 

69 

67 

68 

00 

69 

83 

66 

63 

64.77 

29  

66 

10 

66 

50 

66 

00 

66 

63 

66 

30 

66 

03 

67 

67 

67 

30 

64 

97 

65 

23 

64 

60 

64 

60 

63 

67 

63 

37 

63.63 

30  

53 

63 

55 

23 

56 

67 

54 

23 

55 

17 

66 

60 

56 

43 

57 

43 

67 

87 

63 

83 

55 

27 

66 

80 

64 

40 

66 

70 

69.60 

Average.. . 

56.16 

54.82 

52.95 

56.22 

64.36 

53.60 

55.25 

52.95 

50.10 

54.41 

52.03 

5o.ee 

48.90 

48.se 

45.80 
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TABLE  30.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED  WITH  SAND. 

MAY,  1915. 


Date. 


Gravel. 


Sand. 


4' 

1 

6- 

r 

4' 

6* 

2' 

1 

■  4' 

6' 

2' 

4' 

6 

r 

4' 

6' 

] 

58 

00 

57.23 

•>u 

93 

58.03 

56.97 

56  03 

58  43 

58.97 

55 

00 

56 

73 

55 

03 

54 

80 

56.60 

54.93 

55 

83 

3  

52 

6U 

53.93 

54 

73 

52.73 

53.70 

54.83 

53  77 

55.33 

55 

37 

53 

13 

53 

10 

54 

87 

53.57 

54.83 

58 

77 

4  

48 

53 

49.80 

50 

57 

46.27 

49.07 

50.07 

49.90 

51.17 

51 

13 

49 

73 

49 

70 

51 

17 

50.60 

51.50 

53 

40 

5  

53 

33 

52.93 

52 

30 

53.63 

53.27 

52.70 

53.33 

52.73 

51 

00 

53 

20 

51 

53 

51 

57 

53.83 

52.13 

52 

13 

6  

59 

40 

57.80 

55 

93 

60.80 

59.23 

57  ..37 

57.97 

55.57 

52 

83 

58 

17 

55 

43 

54 

17 

54.53 

54.40 

53 

07 

7  

55 

63 

56.00 

56 

00 

56.53 

56.53 

56.60 

58.13 

55.90 

54 

33 

56 

03 

55 

77 

55 

47 

58.70 

55.93 

55 

30 

8  

52 

30 

53.07 

53 

17 

52.83 

53.33 

53.63 

62.70 

52.97 

51 

87 

52 

93 

52 

17 

52 

77 

53.70 

53.13 

53 

47 

10  

00 

43 

57.67 

54 

on 

61.67 

59.37 

56.67 

56.90 

53.97 

50 

80 

57 

10 

06 

90 

52 

07 

53.77 

52.43 

50 

oo 
oo 

11  

66 

70 

63.63 

60 

50 

67.07 

64.77 

61.77 

64.07 

69.57 

55 

27 

82 

93 

58 

40 

58 

50 

80.73 

56.07 

53 

77 

12  

70 

43 

67.63 

64 

53 

70.53 

68.40 

65.73 

88.17 

84.20 

59 

87 

87 

07 

63 

17 

60 

67 

84.27 

59.80 

57 

00 

67 

13 

65.17 

63 

30 

86.73 

85.20 

63.80 

85.10 

83.43 

60 

47 

64 

70 

62 

10 

60 

93 

63.60 

60.20 

58 

67 

14  

69 

23 

67.17 

64 

37 

68.43 

66.70 

64.63 

86.77 

63.87 

60 

87 

69 

37 

62 

60 

81 

00 

83.30 

60.20 

58 

57 

16  

62 

53 

61.60 

80 

67 

61.60 

61.23 

80.30 

60.77 

60.60 

58 

90 

60 

07 

58 

57 

58 

50 

58.23 

57.07 

57 

70 

17  

49 

67 

50.23 

50 

57 

50.20 

50.33 

50.57 

49.43 

51.07 

50 

77 

50 

47 

50 

27 

51 

00 

60.73 

50.87 

52 

47 

18  

48 

03 

47.90 

48 

13 

47.73 

47.67 

47.83 

47.30 

48.10 

47 

77 

48 

30 

47 

43 

48 

20 

48.23 

47.77 

49 

57 

19  

57 

67 

55.17 

52 

80 

58.53 

56.33 

54.10 

54.00 

52.00 

49 

40 

64 

73 

50 

90 

50 

30 

54.20 

50.40 

49 

30 

20  

48 

90 

49.53 

50 

00 

48.77 

49.27 

49.90 

47.77 

49.67 

49 

23 

48 

87 

48 

23 

49 

63 

49.00 

49.20 

50 

60 

21  

61 

10 

59.40 

57 

17 

62.77 

01.17 

58.97 

58.87 

58.37 

52 

90 

59 

60 

58 

10 

54 

43 

59.70 

54.67 

52 

03 

22.-  

56 

93 

56.13 

58 

80 

57.67 

66.77 

56.10 

55.43 

54.50 

52 

97 

55 

27 

53 

03 

53 

93 

55.47 

53.97 

53 

70 

24  

62 

97 

64.70 

62 

70 

67.30 

65.67 

53.87 

54.93 

62.13 

58 

83 

63 

80 

61 

03 

59 

57 

63.47 

63.07 

57 

37 

25  

62 

70 

62.17 

61 

40 

62.97 

62.47 

61.90 

62.13 

81.13 

58 

97 

61 

53 

60 

10 

59 

60 

81.83 

59.63 

68 

50 

28  

57 

77 

57.93 

57 

93 

58.43 

58.53 

58.37 

57.47 

57.67 

56 

70 

57 

33 

56 

87 

57 

27 

58.20 

57.57 

57 

97 

27  

57 

60 

58.27 

55 

00 

57.10 

.56.10 

55.00 

55.57 

54.23 

52 

23 

55 

13 

53 

27 

52 

60 

55.83 

52.93 

53 

53 

28  

56 

03 

56.20 

54 

97 

52.40 

55.17 

55.03 

54.83 

54.17 

52 

70 

54 

47 

53 

10 

53 

17 

54.40 

53.10 

53 

67 

29   

55 

37 

55.40 

55 

17 

55.87 

55.57 

55.33 

55.13 

54.87 

53 

40 

55.17 

54 

27 

54 

10 

55.87 

54.23 

54 

27 

31  

70 

40 

67.23 

63 

97 

70.47 

68.07 

65.17 

64.17 

63.27 

59 

10 

66.13 

61 

90 

59 

60 

83.90 

59.27 

56 

90 

Average.  . 

58.54 

57.77 

56.76 

58.74 

58.11 

56.78 

58.96 

56.37 

54.34 

57.39 

56.31 

1 

54.92|  56.68 

54.97 

54.48 

Clay. 


PeaL 
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TABLE  31.-AVERAGB  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND. 

JUNE,  1915. 


Dat€. 


Gravel. 


r      A'  6' 


Sand. 


4*   1  6' 


4' 


Clay. 


4' 


Peat 


2'      A'  8' 


1. 
2. 
3. 
4. 
5. 

7., 
8., 
9. 

10. 

11. 

12. 
14. 
15. 
16 

17., 

18., 
19.. 
21., 
22.. 
23.. 

24.. 
25.. 
26 

28., 
29.. 


70.63 
61.10 
59.40 
73.50 
75.07 

70.07 
64.27 


66.17 
67.33 
62.70 
71.00 

66.90 
65.97 
68.13 
70.63 
71.73 

66.47 
75.13 
79.50 
81  50 
70.10 
77.77 


68.70' 
61.831 
59  47 
70.301 
72.37j 

71.83i 
64.23, 
61.17' 
57.63 
66.90^ 

70.37 
65.43' 


66.23 
62.20 
59.33 
66.70 
69.43 

71.27 
63.43 
61.07 
57.77 
64.00 

67.63 
64.67 
66.371  64.83 
63  .70  64  .17 
69.371  67.00 


65.97' 
65.73' 
67.30, 
69.43' 


64. n 

65.13 
66.37 
67.77 


60.83|  67.63 

65.471  64.73 
72.23'  69.10 


76.47' 
78.70, 
69  60 


73.20 
75.90 
69  50 


75.30,  72.83 


70.70 
61.00 
59.30 
74.23 
75.00 

71.93 
66.13 
81.77 
57.23 
71.27 

73.33 
66.60 
69.03 
63.10 
75.13 

68.07 
68.87 
72.63 
72.60 
72.63 

66.67 
75.30 
78.40 
79.43 
69.93 
79.17 


69.13 
61.53 
59.30 
71.63 
72.90 

71.80 
64.90 
61.23 
57.07 
88.70 


67.03 
62.10 
59.30 
68.47 
70.50 

71.63 
64.03 
61.17 
57.30 
65.87 


71.33  68.93 

65.50l  64.07 

67.50|  65.63 

63.70'  64.53 

72.771  69.77 


66.871 
67.77 
68.30 
71.131 
70.67 

66.57 
72.83 
76.10 
77.47 
69.50 
77.00! 


66.13 
66.70 
67.63 
69.40 
68.63 

64.87 
69.87 
73.60 
75.47 
69.40 
74.53 


68.87 
61.30 
58.67 
70.47 
73.27 

72.50 
64.27 
61.13 
57.10 
67.87 

71.17 
64.90 
66.40 
62.67 
60.27 

64.80 
65.30 
66.67 
69.43 
70.80 

65.43 
72.93 
76.73 
78.90 
68.33 
75.17 


65.83 
62.10 
59.43 
66.47 
69.30 


62.00 
61.03 
58.17 
61.97 
64.97 


71.63  69.47 
64.031  62.43 
61.43  60.47 
57.971  67.27 
64.27  60.53 


67.80 
64.40 
64.87 
63.97 
66.93 

64.13 

65.20 
65.97 
67.  a3 
67.77 


63.67 
62.80 
62.50 
62.43 
63.63 

62.37 
63.43 
63.83 
64.57 
64.33 


64.80  63.27 

69.10  64.90 

73.03'  68.37 

75.87|  71.87 

69.77  68.80 

73.201  69.30 


67.40 
60.70 
59.63 
70.10 
71.97 

71.77 
64.63 
61.10 
57.27 
67.70 

70.33 
65.13 
67.03 
63.87 
67.00 

65.57 
65.83 
67.23 
69.67 
69.60 

65.03 
72.43 
76.07 
78.20 
69.43 
76.00 


64.03 
60.43 
58.53 
a5.20 
67.97 

70.67 
63.23 
60.33 
56.87 
63.87 

66.70 
63.90 
64.17 
63.60 
66.10 

63.37 
64.43 
65.70 
67.00 
66.63 


68.03 
71.97 
74.67 
68.73 
72.67 


62.23 
61.07 
58.77 
63.03 
65.30 

60.90 
83.17 
60.90 
57.50 
61.60 

64.40 
63.70 
63.47 
63.60 
64.97 

63.37 
63.97 
64.90 
65.60 
64.77 

63.47 
65.47 
68.93 
72.37 
68.87 
70.33 


62.00 
61.13 
60.03 
69.07 
60.10 

71.23 
65.73 
62.43 
57.23 
68.30 

60.57 
65.30 
67.50 
63.77 
70.53 

66.27 
67.20 
67.20 
67.87 
69.60 

84.33 
72.60 
75.47 
76.23 
69.37 
77.60 


61.37 
60.57 
58.90 
63.47 
64.93 

69.67 
68.70 
61.60 
57.50 
62.57 

64.90 
63.90 
63.90 
63.83 
85.70 

63.73 
65.20 
64.70 
65.33 
84.67 

62.00 
65.00 
69.57 
71.97 
68.33 
71.87 


59  17 
6().5:i 
69  03 

60  50 
62.77 

67.63 
63.67 
82.47 
59.13 
60.40 

62.77 
83.87 
63.20 
63.47 
63.67 

63.07 
65.07 
84.67 
64.53 
83.37 

63.40 
63.70 
66.30 
69.63 
89.00 
68.80 


Avenge.. .  009.78 


87.92,  66.79 


69.98  68.55|  67.22 


67.86 


86.42)  63.79 


67.84 


66.46 


64.45 


67.53|  64^65 


cTbo  average  of  22  days  only  instead  of  26  o"  which  remaining  depths  and  soils  were  taken. 
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TABLE  32.-AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED  WITH  SAND. 

JULY.  1915. 


Date. 


Gravel. 


Sand. 


r  A' 


r  A' 


Clay. 


2'  A 


PeaL 


r  4' 


3 
5 
6 

7. 

8. 

9. 
10. 
12. 

13. 
14 
15. 
16 

17. 

19 
20 
21 
22 
23 
24 

26 
27 
28 
29 
30 
31 


77.57 
74.77 
75.97 
62.20 
71.47 

64.83 
71.10 
78.63 
81.43 
83.73 

85.90 
81.60 
75.23 
80.43 
84.70 

73.63 
73.23 
69.37 
75.37 
80.63 
75.23 

75.73 
68.30 
71.07 
72.53 
79.33 
80.07 


75.93 
73.90 
73.93 
62.50 
69.43 

64.97 
69.30 
75.47 
78.87 
81.20 

82.83 
80.10 
74.70 
78.47 
82.07 

73.57 
71.77 
70.27 
72.97 
77.80 
74.33 

73.73 
68.43 
70.27 
71.00 
77.33 
77.73 


I 


74.60 
72.77 
72.27 
63.00 
67.^ 

65.40 
67.43 
72.27 
76.17 
78.50 

79.67 
78.43 
74.37 
76.57 
79.43 

73.00 
70.80 
70.17 
71.07 
75.10 
73.40 

72.23 
68.60 
69.67 
69.60 
75.43 
75.70 


77.70 
77.77 
76.73 
63.20 
72.63 

64.53 
74.10 
79.67 
81.57 
83.43 

84.57 
81.03 
75.23 
82.13 
85.07 

74.27 
73.77 
68,97 
76.10 
80.77 
75.23 

76.77 
68.03 
71.10 
72.40 
80.40 
79.87 


76.50 
76.33 
75.17 
63.45 
70.77 

64.53 
72.17 
77.20 
79.60, 
81.53, 

82.53; 
79.901 
74.90 
80.33 
83.30 

74.03 
72.43 
69.80 
74.07 
78.80 
74.60 

75.13 
68.23 
70.60 
71.20 
78.70 
78.20 


75.60 
74.77 
73.63 
63.70 
68.73 

65.30 
69.83 
74.63 
77.43 
79.37 

80.23 
78.57 
74.70 
78.23 
80.97 

73.47 
71.50 
70.43 
72.07 
76.40 
74.00 

73.53 
68.67 
70.23 
70.20 
76.90 
76.63 


75.27 
73.23 
72.00 
60.25 
66.70 

61.33 
67.30 
73.50 
78.30 
81.03 

83.00 
78.67 
73.33 
77.53 
81.13 

72.20 
70.73 
68.40 
72.67 
77.03 
72.80 

73.67 
67.27 
69.50 
70.73 
76.97 
77.60 


74.90 
72.97 
71.87 
63.25 


71.77 
70.50 
69.27 
62.75 


66.70  63.77 


65.10 
67.77 
72.07 
75.50 
78.30 

79.70 
78.37 
74.87 
77.10 
79.67 

73.60 
71.27 
70.53 
71.73 
75.03 
73.07 

72.67 
68.87 
69.90 
69  93 
75.53 
75.93 


64.27 
64.67 
67.77 
71.30 
74.33 

75.50 
75.47 
73.03 
73.83 
75.77 

71.80 
69.40 
68.63 
68.50 
71.23 
70.87 

70.07 
67.97 
68.13 
67.80 
72.17 
72.80 


76.60 
75.03 
73.77 
63.30 
70.10 

64.83 
69.70 
73.87 
76.87 
79.70 

81.03 
78.40 
75.13 
80.30 
82.13 

76.47 
73.47 
70.27 
74.67 
77.23 
73.10 

75.17 
68.43 
70.67 
71.87 
78.97 
78.77 


74.00 
72.63 
71.10 
62.90 
66.57 

64.13 
66.47 
69.47 
73.93 


77.33 
79.10 

73.90 
71.90 
70.30 
72.00 
74.37 
72.07 

72.93 
68.47 
69.73 
69.87 
76.13 
76.20 


72.63 
71.70 
70.47 
63.76 
65.40 

65.43 
65.80 
68.17 
71.40 
74.30 

75.33 
75.10 
73.53 
75.10 
76.80 

72.90 
71.03 
69.67 
69.83 
72.17 
71.20 

71.48 

68.70 
69.00 
68.90 
73.87 
74.37 


75.33 
74.97 
72.60 
61.90 
66.67 

64.03 
69.03 
72  68 
76.97 
81.00 

82.53 
80.03 
76.30 
80.73 
82.97 

75.13 
71.80 
60.83 
72.93 
77.00 
73.33 

74.90 

68  63 

71. 

72.27 

79.43 

79.67 


74.13 
72.20 
70 
63.20 
63.93 

64.50 
65.43 
68.07 
71.00 
75.30 

77.03 
76.93 
74.90 
76.50 
78.27 

73.60 
70.67 
68.97 
69.73 
72.30 
71.57 

71.93 
68.77 
69.77 
69  53 
75.17 
75  60 


72.37 
71  17 
70.47 

64  90 
63.53 

65.13 
M  17 

65  77 
69  03 
73  07 

74.47 
75.57 
74.30 
74-57 
75.90 

73.50 
70.93 
69.03 
67.57 
70.20 
70.87 

70.23 
68.50 
68  60 
68.30 
69.93 
71  43 


Averase..    75.70  74.18  72.70  78.18  74.96  73.69  73.41  72.82  70.12  74.39  c71. 55  71.04  74.20  71.51  70.16 


cAvcr^e  of  23  days  only. 
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TABLE  33.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND, 

AUGUST.  1915. 


Qravel. 

Sand. 

Lm 

m. 

Clay. 

Peat. 

Date. 

r 

4' 

8' 

r 

4' 

4* 

6' 

2' 

4' 

6' 

r 

8' 

73 

63 

73.10 

n 

37 

73 

00 

72.63 

73 

23 

72 

57 

73 

50 

72 

93 

73 

17 

73 

33 

73 

77 

74 

00 

74 

53 

75.17 

3  

72 

47 

71  67 

71 

27 

71  67 

71 

07 

71 

Ki 
Oo 

71 

Qrt 
oU 

69 

79 

70 
4£ 

60 

71 

33 

7n 

73 

17 

71 

77 

72  M 

4  

68 

70 

63  50 

68 

4Q 

AS 

77 

68  67 

68 

71 

AQ 

00 

Afi 
Oo 

67 

A7 

77 

69 

fl7 

68 

6*1 

68 

73 

69 

33 

69 

37 

70.27 

5  

62 

20 

62  771  63 

63 

61 

7n 

62.30 

63 

33 

61 

77 

A1 
Do 

83 

64 

00 

62 

87 

63 

73 

6t 

70 

62 

93 

64 

77 

67.00 

6  

67 

53 

66.37 

65 

57 

67 

67 

66.73 

DO 

07 

Al\ 

Q7 

DO 

R7 
01 

AQ 
0^ 

Q7 

«7 
0/ 

n7 

00 

63 

41A 
04 

H7 
o4 

66 

07 

00 

20 

65.30 

68 

33 

67.10 

66 

23 

68 

43 

67.80 

67 

03 

66 

43 

66 

03 

64 

20 

67 

47 

66 

20 

65 

33 

67 

57 

65 

50 

64.37 

0  

77 

97 

75.50 

73 

23 

79 

30 

77  23 

74 

97 

73 

90 

71 

80 

68 

67 

76 

43 

73 

37 

71 

10 

76 

43 

71 

67 

69  30 

10  

80 

33 

78.03 

75 

60 

81 

03 

79.17 

77 

07 

76 

37 

74 

10 

70 

60 

78 

43 

75 

37 

72 

93 

78 

63 

73 

17 

70  67 

69 

03 

69.20  69 

87 

68 

53 

68.73 

69 

53 

67 

40 

68 

80 

68 

33 

68 

63 

68 

97 

69 

53 

68 

30 

68 

97 

70.40 

12  

66 

93 

66.87 

67 

13 

66 

77 

66.70 

66 

93 

66 

20 

67 

03 

66 

23 

67 

23 

67 

03 

67 

17 

67 

20 

67 

03 

67.87 

13  

73 

00 

71.43 

70 

17 

74 

07 

72.73 

71 

37 

70 

87 

69 

80 

67 

33 

71 

93 

70 

00 

68 

63 

71 

87 

68 

97 

67.40 

14  

70 

17 

69.33 

68 

80 

70 

30 

69.80 

69 

37 

68 

83 

68 

67 

67 

00 

69 

73 

68 

70 

68 

13 

69 

80 

68 

23 

67.47 

16  

76 

60 

74.90 

73 

20 

77 

77 

76.33 

74 

67 

73 

73 

72 

30 

69 

&3 

74 

87 

72 

60 

70 

93 

74 

90 

71 

43 

68.87 

17  

68 

83 

68.60 

68 

63 

70 

30 

69  70 

69 

53 

67 

70 

68 

53 

67 

50 

68 

83 

68 

53 

68 

50 

68 

43 

68 

30 

68  77 

18  

71 

80 

69.73 

68 

03 

72 

90 

71.27 

69 

50 

68 

67 

67 

47 

65 

10 

69 

07 

67 

07 

65 

90 

68 

33 

65 

77 

68.47 

19  

76 

03 

73.47 

71 

20 

76 

57 

74.87 

72 

73 

72 

87 

70 

47 

67 

13 

73 

27 

70 

73 

68 

20 

72 

80 

68 

37 

66.30 

20  

70 

50 

69.90 

69 

10 

70 

50 

69.97 

69 

50 

68 

70 

68 

23 

66 

57 

68 

97 

68 

07 

67 

43 

68 

67 

67 

20 

66.90 

21  

65 

00 

65  17 

65 

60 

64 

70 

64.93 

65 

50 

64 

43 

65 

27 

64 

70 

65 

23 

65 

23 

65 

57 

65 

20 

65 

33 

66.37- 

23  

74 

73 

72.80 

70 

67 

76 

40 

74.67 

72 

80 

72 

30 

70 

03 

66 

97 

72 

57 

70 

03 

68 

20 

72 

33 

68 

23 

66.60 

24  

71 

83 

71.23 

70 

57 

72 

30 

72.00 

71 

67 

70 

40 

70 

03 

68 

17 

70 

73 

69 

97 

69 

27 

70 

80 

69 

37 

67.90 

25  

68 

00 

66.97 

66 

43 

68 

30 

67.50 

66 

77 

66 

13 

65 

67 

64 

60 

66 

47 

65 

57 

65 

40 

66 

03 

65 

07 

65.93 

26  

68 

63 

67.90 

66 

97 

69 

17 

68.70 

67 

97 

66 

77 

66 

33 

64 

30 

67 

33 

66 

23 

65 

30 

67 

77 

65 

43 

64.77 

27  

68 

27 

66  83 

65 

40 

67 

97 

66.90 

65 

90 

65 

60 

64 

50 

62 

53 

66 

30 

64 

43 

63 

40 

66 

03 

63 

27 

63.20 

28  

30  

70 

70 

68.93 

67 

03 

70 

50 

69.23 

67 

63 

67 

73 

66 

07 

63 

43 

68 

47 

66 

10 

64 

50 

68 

53 

64 

47 

63.57 

65 

27 

64.23 

63 

33 

65 

33 

64.50 

63 

70 

63 

10 

62 

57 

61 

27 

63 

93 

62 

57 

62 

10 

64 

03 

62 

10 

62.67 

31  

66 

57 

65.07 

63 

67 

66.23 

65.17 

64 

07 

63 

87 

62 

80 

60 

83 

64 

60 

62 

83 

61 

70 

64 

63 

61 

47 

61.43 

Average.. . 

70.50 

68.45 

68.58 

70.80 

70.00 

68.26 

68.54 

ec.oe 

66.28 

69.44 

68.17 

67.38 

69.42 

67.50 

67.28 
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TABLE  34.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED  WITH  SAND, 

SEPTEMBER,  1915. 


Date. 


Gravel. 


1   70  17 


73.33 
72.03 
70.27 
M.IO 

69.97 
74  33 
ft9  47 

10....  I  67.20 

71.23 


13   76  63 

14   80  77 


15 
16. 
17 

20 
21. 
22. 
2:i. 
24 

25. 
27. 
2«. 
29. 


69.87 
52.03 
55  23 
56.87 
30  1  57.20 


76.90 
75.47 
72.60 


68  23 
71.13 
70.87 
69.17 
64.13 

68. a3 
72.67 
69.23 
67.23 
69.60 

74  97 
78.73 
76.00 
74.43 
72.10 


66  23 

68  77 
69.43 
68.37 
64.27 

66.47 
70.80 

69  10 
66.93 
68.00 

73.20 
76.37 
75.23 
73.53 
71.33 

67.30 


67  .17  67.17 

50  67  |  57.601  58.90 

61)  70|  59.93  58.27 

00  90  '  59.93 


1.971  68.07 


68.40 
53.10 
55.13 
56.23 
56.37 


59.33 
66.00 

66.87 
54.23 
54.73 
55.20 
55.60 


Sand. 


70.0! 
73.00 
71.83 
70.10 
63 

70.20 
75.00 
70  70 
67.63 
71.30 

79.57 
82.40 
77.40 
76.43 
73.03 

67.33 
57.07 
61  33 
61.60 
71.00 

70.77 
52.33 
56.47 
57.60 
57.53 


68  67 
71.43 
70.93 
69.33 
64.13 


67.03 
69.53 
69.90 
68.77 
64.43 


68.671  67.27 
73.60  72 


70.47 
67.83 
70.17, 


70.40 
67.87 
68.83 


77.93!  75  33 
80.93  78.90 


76  73 
75.63 
72.67 


76.23 
74.73 
72.00 


67.60  87.83 
57.80,  58.83 


61.27 
61.00 
69.77 


60.13 
60.27 
67.90 


69.73  68.30 
52.271  53.40 
56.10  55.43 


53.73 
56.97 


56.27 
55.80 


67.73 
70.73 
70.20 
69.40 
64.30 

69.10 
73.63 
69.60 
67.47 
70.83 

76.13 
80.37 
76.90 
74.80 
72.60 

67.63 
57.37 
60.43 
60.57 
69.33 

69.50 
63.27 
54.97 
56.57 
5.7.17 


65.50 
68.0: 
68.63 
67.93 
64.40 

66.60 
70.97 
69.37 
67.37 
68.37 


62.73 
64.93 
66.10 
65.67 
63.50 

64.23 
67.93 
67.83 
65.63 
65.93 


73.70  70.37 
77  .10  73  .20 
75.60  73.20 
73.531  71.60 
71.60  69.83 


67.60 
59.17 
59  47 
59.47 
66.20 

67.13 
54.20 
54.57 
65.47 
55.63 


66  37 
59.60 
57.93 
58.00 
62.93 

64.37 
54.97 

53.80 
53.67 
54.07 


Clay. 


I  I 
2*    I   4'  6' 


68  .10  65  .70 
71.13  68.27 
70.401  68.67 
68.23  67.20 
&I.43  64.40 


63.90 
66.20 
67.20 
66.60 
64.40 


68.83  66.63 
73.10  70.90 

69.20  68.93,   

66.90,  66.571  66.10 
70.40,  68.17  66.83 


65.27 
69.07 
68.60 


75.80  73.57 
79.30)  76.63 
75.731  74.80 
75  30  73.80 
72.53  71.50 


71.63 
74.20 
73.90 
72.57 
70.97 


67.13  67.07  66.97 

57.471  58.70  60.03 

59.63,  58.90'  58.33 

59.931  58.90  58.33!  58.47 

68.00  65.50  63.53  68.37 


68.20 
53.13 
54.00 
54.80 
55.07 


66.23 
53.80 
53.83 
54.07 
54.13 


Paat 


2-  4- 


68.20 
71.50 
70.60 
09.23 
64.50 

69.13 
74.13 
70.27 
66.80 
71 

75.67 
78.33 
76.00 
76.33 
73.70 

66.77 
58.17 
59.87 


64.73 
55.30 
62.87 
53.37, 
53.03 


68.30 
52.27 
64.67 
55.40 
55.07 


63.97 
66.57 
67.40 
67.13 
04.23 

65.53 
69.70 
69.50 
00.33 
67.40 

72.67 
74.43 
74.10 
73.03 
71.77 

67.13 
59.90 
57.93 
57.27 
63.63 

04.73 
54.57 
53.37 
53.17 
63.13 


62  77 
64.50 
66.30 
00.60 
04.80 

04.77 
07.77 
09.07 
00.70 
09.40 

70.20 
72.10 
73.13 
72.10 
71.43 

07.83 
02.73 
58.B7 
58.47 
01.53 

03.30 
67.73 
55.00 
63.80 
63.77 


Avenge  .  ,  67.671  66.74;  65.78 


68.23 


07.41  66.73 


07.22 


05.90 


63.94 


06.67 


05.47  64.58  66.88 


64.741  64.47 
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TABLE  35.— AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND. 

OCTOBER,  1916. 


Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

Date. 

2' 

4' 

6' 

r 

4* 

8' 

Y 

4' 

6' 

r 

4' 

8' 

4* 

8' 

] 

52  97 

53  53 

53  20 

52  70 

53  33 

54  17 

63  10 

53  83 

53  60 

52  97 

53  37 



isa  77 

00,  i  i 



62  87 

53  30 

64  50 

2  

59^60 

68!  07 

57137 

59.77 

59.00 

68ll0 

68l67 

57I1O 

55I13 

68I4O 

56l87 

65.83 

59I13 

65I93 

65l07 

4  

61.03 

61.07 

60.83 

61.03 

61.33 

61.40 

60.93 

60.53 

59.00 

60.67 

60.33 

59.63 

61.60 

60.00 

59.13 

5  

53.43 

54.40 

55.13 

53.30 

54.03 

55.00 

53.43 

54.43 

54.47 

52.93 

63.87 

54.83 

64.07 

54.97 

56.70 

6  

53.20 

53.63 

53.90 

52.87 

53.47 

53.37 

52.97 

53.40 

62,87 

52.23 

52.67 

53.10 

53.17 

52.97 

54.13 

48  97 

50  37 

51  27 

48  93 

60  07 

61  20 

49.23 

50  50 

50  50 

49  27 

49  87 

60  57 

49  27 

60  20 

52  10 

8  

44!40 

45.73 

46^80 

43!80 

44^93 

46l27 

44I5O 

46l33 

46l50 

44I77 

46l37 

47I23 

44l67 

46l47 

49I43 

9  

45.07 

45.90 

46.30 

45.27 

45.70 

45.97 

45.03 

45.60 

45.93 

44.50 

45.00 

45.70 

45.27 

45.90 

47.33 

11  

56.37 

54.53 

52.67 

57.40 

56.13 

54.10 

54.73 

52.07 

49.30 

53.80 

51.47 

49.60 

52.73 

48.57 

47.80 

12  

46.97 

55.47 

54.33 

67.43 

56.60 

55.30 

55.50 

53.70 

51.70 

54.60 

53.13 

62.03 

53.97 

50.87 

50.40 

13  

56.33 

55.43 

54.73 

56.50 

55.87 

•55.33 

55.50 

54.30 

52.77 

55.53 

54.13 

53.30 

55.33 

52.30 

52.03 

14  

56.10 

55.83 

55.47 

56.07 

56.07 

55.97 

55.83 

55.23 

53.73 

55.90 

55.27 

54.63 

55.77 

63.87 

53.47 

15 

58  27 

57  50 

56  53 

58  67 

58  13 

67  23 

57  50 

56  23 

54  37 

66  77 

55  77 

56  03 

58  10 

55  00 

54  00 

16  

56137 

55!03 

53!70 

56.60 

55163 

54130 

66I37 

53I5O 

52I0O 

54I1O 

52I8O 

52I1O 

55I17 

52I3O 

52I3O 

18  

58.33 

57.93 

57.43 

58.47 

68.50 

58.13 

58.13 

67.23 

55.47 

58.13 

57.07 

56.30 

58.40 

56.30 

55.37 

56.47 

dd.v) 

56.20 

56.40 

56. 10 

56.27 

90.  1 1 

54.40 

56. 13 

55.67 

55.20 

56.80 

54.97 

54.80 

20  

58.47 

57.50 

56.43 

58.83 

58.10 

57.20 

57.57 

56.23 

64.33 

57.43 

56.07 

55.17 

57.60 

54.80 

54.27 

21  

54.70 

54.17 

53.80 

65.03 

54.37 

54.37 

53.97 

53.40 

62.57 

53.50 

53.23 

53.03 

52.57 

52.27 

53  30 

22  

53.63 

52.83 

51.80 

53.63 

52.97 

51.93 

62.43 

51.70 

60.40 

51.60 

51.33 

60.83 

50.33 

49.40 

60.77 

23  

51.27 

51.23 

51.10 

60.93 

51.03 

51.13 

50.53 

50.57 

49.73 

49.73 

49.80 

49.93 

49.47 

48.97 

50.20 

25  

54.17 

53.13 

52.17 

54.47 

53.87 

53.00 

52-.  93 

51.60 

49.77 

52.13 

60.83 

49.87 

51.83 

49.10 

49.13 

26  

50.60 

60.43 

60.27 

50.60 

50.70 

60.60 

49.87 

49.67 

49.13 

49.23 

49.07 

49.03 

48.70 

48.03 

48.90 

27  

51.57 

50.n 

50.00 

51.57 

51.20 

50.57 

50.47 

49.60 

47.70 

49.57 

48.73 

48.07 

49.50 

47.37 

47.93 

28  

53.80 

52.40 

50.37 

54.10 

53.13 

51.70 

52.30 

50.53 

48.63 

51.63 

50.03 

48.93 

51.20 

48.13 

48.20 

29  

51.77 

51.03 

50.53 

51.77 

51.53 

50.87 

50.70 

49.90 

48.93 

50.03 

49.27 

49.03 

19.43 

48.23 

48.57 

30  

51.37 

50.63 

50.00 

51.60 

61.03 

50.57 

50.37 

49.53 

48.20 

49.33 

48.83 

48.43 

49.40 

47.73 

48.17 

Ayerage.. . 

63.66 

63.65 

53.16 

54.13 

53.97 

53.61 

53.38 

52.78 

51.58 

52.88 

52.34 

51.97 

52.94 

51.46 

51.85 
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TABLE  36.— AVE^IAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND. 

NOVEMBER,  1915. 


liraveia 

1  nam 

i/iay. 

_ 

petta 

Date, 

2* 

2* 

A' 

A' 
O 

A' 

6' 

2* 

1  

53.70 

52.73 

52.30 

53.50 

53.03 

52.83 

52.20 

51  57 

50.50 

51.70 

50.47 

50.80 

51.03 

60.17 

SO.  17 

2 

40.  J/ 

4D.0O 

1?  A5 

45  30 

lA  in 
40.  ou 

17  117 
4/  .Of 

IK  97 
40. 

17  M 
4i  .Ul 

17  75 
4(  .  10 

iR  in 

40.  lU 

lA  95 
40.  40 

17  A7 
4f  .  Of 

45.03 

47.83 

la  iA 
4y.  lu 

AO  on 

15  75 

42  70 

15  1  7 
4o.  1/ 

15  A5 
40 . 00 

19  R7 

15  Ifi 
40.0U 

15  17 
40 .  If 

11  on 
41  .w 

19  17 

15  15 
40. 10 

41.37 

42  13 

11  OA 
44  HU 

48  63 

47  83 

47  00 

48  83 

48  30 

47  63 

17  Hfl 
4/  .OU 

46  57 

45  37 

47  00 

46  10 

45  47 

46  80 

44  83 

45  20 

42  97 

43  70 

44  30 

42  50 

43  27 

44  13 

19  An 
4Z.0U 

15  7n 

40.  /U 

15  &A 
40.  oU 

42  63 

IS  97 

44  00 

42.20 

43  23 

45^13 

6  

43.43 

43.03 

42  73 

43.30 

43.00 

42.73 

42.27 

41.97 

41.57 

42  00 

41  73 

41.80 

40.73 

40  40 

42  60 

56  07 

54  60 

52  87 

56  97 

55  97 

tlA  Hfi 
04.  OU 

cj  on 
04.  w 

fiO  A7 

OA. HI 

lO  07 

54  60 

M  Kn 
av  .OU 

Kn  A5 

ou.oo 

54.10 

50.03 

47.70 

46  17 

lA  75 

46  70 

46  10 

46  60 

17  17 
4/  .  1/ 

46. 10 

lA  m 

40.00 

lA  on 

40.  M 

IK  17 
40  4/ 

19  R7 
4£.0f 

lA  95 
40.  «0 

45.37 

45  M 

46  60 

10 

11  17 

19  17 
4^.  4/ 

in  an 

11  55 

41 .  oo 

19  on 

11  R5 
41 .  oo 

11  A5 
41 . 00 

AO  95 

in  fl7 

4U.Of 

11  17 
41 .4/ 

19  97 

39.50 

40.93 

43  57 

53  23 

51  40 

49  77 

53  33 

51  87 

50  40 

51  60 

10  Of\ 
4v.  ^ 

47  00 

51  77 

49  43 

48  00 

50.63 

46.S0 

45  63 

12  

43.43 

44.40 

45  40 

43.03 

44.10 

44.03 

43.97 

45.60 

45.73 

44.10 

45.60 

46.10 

44.17 

45.33 

46  60 

13  

40.30 

40  93 

41.17 

40.00 

40.63 

41.23 

40.77 

41  60 

41  67 

40.70 

41.27 

42.23 

40.53 

41.00 

43.13 

34.67 

35.97 

37.17 

34.23 

35.27 

36.67 

34.70 

36.83 

37.83 

35.13 

36  57 

37  87 

35.57  37  .57 

40.10 

16  

33.73 

35  67 

35  77 

32.83 

33.87 

35.17 

33.37 

35.17 

36  17 

33.47 

34.80 

36.13 

33.97 

36.07 

38  hO 

17  

37.97 

37.80 

37.67 

37.57 

37.00 

38.03 

37.13 

37.40 

37  07 

38.47 

38.17 

37.90 

34  87 

35.70 

37.53 

18   

37.83 

38.03 

37  97 

37  67 

37.90 

38.00 

37.37 

37.47 

37.17 

38  00 

37  83 

37.70 

35.73 

35.87 

37  40 

19  

39  67 

40.17 

40.57 

39.63 

40.20 

40  80 

39.40 

40.10 

39  83 

39.97 

40.33 

40.53 

38.03 

39.07 

39  53 

20  

36.77 

37  63 

38  33 

36  63 

37.43 

38.27 

36.67 

37.77 

37  97 

37  30 

37.97 

38.27 

36.63 

37.40 

38.70 

22  

32.87 

33.93 

34.80 

32.53 

33.63 

34.70 

33.30 

34.67 

35.27 

33  47 

34.40 

35  40 

33.63 

34  87  37  .10 

23  

32.43 

33  43 

34.13 

32.13 

33.07 

34.00 

32.60 

33.97 

34.47 

33.07 

33.90 

34.67 

33  27 

34  23 

36.07 

24  

34.70 

35.00 

35.27 

33.60 

34.37 

35  13 

33.60 

34.57 

34.57 

34.03 

34.60 

34.10 

33.07 

33.97 

35.57 

26  

48.03 

46.77 

45.60 

48.47 

47.60 

46.63 

46.47 

44  90 

42  93 

47.00 

45.40 

44.00 

45.43 

42.17 

40  67 

27  

43.60 

44.20 

44.60 

43  37 

43  93 

44.37 

42.93 

43.80 

43.43 

43.20 

43.97 

44.13 

43.20 

42.97 

42  90 

2»  

34.63 

36.07 

37.20 

34.00 

35.10 

36.47 

34.97 

36.77 

37  53 

35  37 

36.77 

37.97 

36  00 

38.00 

40  07 

30  

33.83 

34.83 

35.83 

33.40 

34.43 

35  50 

33.87 

35.50 

36  03 

34.57 

35.60 

36.47 

34.60 

36.10 

38.00 

Average.  . . 

41.37 

41.67 

41.87 

41.14 

41.52 

41.91 

40.95 

41.45 

41.25 

41.07 

41.18 

41.58 

40.50 

40.73 

41.94 

The  daily  and  monthly  average  temperature  of  the  second  year,  Decem- 
ber 1,  1912  to  November  30,  11)13,  are  contained  in  Tables  1  to  12,  in- 
clusive. Beginning  with  the  data  of  the  month  of  December  it  will 
readily  be  seen  that  at  the  commencement  of  the  month  all  the  various 
types  of  soil  at  the  three  different  depths  had  practically  the  same  magni- 
tude of  temi)erature  and  had  not  yet  reiu-hed  the  freezing  point.  The 
temperature  at  all  thn^e  depths  in  every  soil  diminished  gradually  until 
December  12  when  the  upper  0-inch  depili  begiui  to  fi-eeze.  At  this  date 
the  6-inch  depth  of  only  the  sand  and  gravel  froze,  that  of  the  loam  and 
clay  froze  one  day  later  and  peat  ten  days  later.  It  will  be  noted,  how- 
ever, that  while  the  ]>eat  at  the  6-inch  dejith  froze  ten  days  later  than 
(hat  of  the  other  soils  its  temperature  during  this  time  was  only  a  few 
tenths  of  a  degree  higher.  The  temperature  at  the  6-inch  depth  of  all  the 
soils  remained  at  or  slightly  below  32''F  until  January  3,  when  it  rose  in 
all  of  them  a  few  tenths  of  a  degree  but  it  fell  again  at  or  below  32°P  on 
January  29.  Between  February  4  and  14  the  temperature  at  the  6-inch 
depth  of  all  soils  was  several  degi*ees  l)elow  zero  and  on  February  13 
reached  its  minimum  for  the  winter.  At  this  date  the  average  tempera- 
ture of  the  various  soils  at  this  upper  dei)th  was  as  follows:  gravel  22.43^, 
sand  19.60°,  loam  23.30°,  clay  23.93°,  and  ])eat  20.50°F.  It  is  of  great 
interest,  therefore,  to  note  that  all  these  diverse  classes  of  soil  had  prac- 
tically the  same  average  temperature  during  this  period  of  cj^d  weather 
in  spite  of  their  great  difference  in  heat  conductivitypipiiytje^toiOflielac, 
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The  air  temperature  on  February  13  when  the  lowest  temperature  was 
reached,  was  3°  F. 

While  the  6-ineh  depth  of  all  the  different  types  of  soil  began  to  freeze 
about  Dec.  12  and  its  temperature  tended  to  remain  at  or  njear  the 
freezing  point,  the  12  and  18-inch  depths  of  all  these  soils  did  not  really 
begin  to  freeze  until  the  commencement  of  February  when  the  extreme 
cold  weather  came.  The  12-inch  depth  of  the  gravel  and  sand  froze  Feb- 
ruary 3,  that  of  loam^,  clay  and  peat  on  February  5,  or  two  days  later; 
while  the  18-inch  depth  of  the  various  soils  froze  as  follows:  gravel  Feb- 
ruary  6,  sand  February'  8,  clay  February  10,  loam  February  11,  that  of 
peat  did  not  completely  freeze,  its  temperature  remaining  a  few  tenths 
of  a  degree  above  32°  F.  throughout  the  rest  of  the  winter. 

It  is  remarkable  to  note  that  the  temi)erature  of  the  12-inch  and  as 
well  as  that  of  the  18-inch  depths  attained  its  minimum  degree  prac- 
tically simultaneously  with  the  6-inch  depths.  Yet  when  this  minimum 
was  reached  at  all  three  depths  the  difference  or  gradient  of  temperature 
between  the  6  and  18-inch  depths  was  very  marked,  being  in  most  cases 
close  to  12°F.  In  other  words,  when  the  temperature  of  the  6-inch  depth 
reached  its  lowest  degree,  and  it  was  about  20°  F,  the  corresponding 
minimum  of  the  18-inch  depth,  which  occurred  on  the  same  day,  was 
about  32°F,  or  a  gradient  of  12°F. 

The  temperature  at  the  6-inch  depth  remained  considerably  below  32°F 
from  February  4  to  20  and  then  it  rose  and  tended  to  stay  at  about  32  "^F. 
When  the  other  two  depths  froze  their  temperature  also  tended  to  re- 
main at  about  32°F.  Hence  the  upper  18-inch  layer  of  the  soil  had  almost 
the  same  temperature  and  consequently  had  no  gradient. 

The  temperature  of  the  entire  upper  18-inch  layer  remained  at  the 
freezing  point  until  thawing  began.  The  first  thawing  occurred  on 
March  19.  At  this  date  the  gravel  and  sand  thawed  completely  down  to 
the  18-inch  depth — in  a  single  day — while  only  the  6-inch  depth  of  the 
loam  and  clay  thawed  on  this  date  and  that  of  the  peat  did  not  show  any 
signs  of  thawing.  At  the  12  and  18-inch  depths  only  clay  commenced 
to  thaw  by  March  26/  The  process  of  thawing,  however,  was  only  of 
short  duration  as  on  March  26  the  air  temperature  fell  very  low  and  the 
upper  6-inch  depth  began  to  freeze  again.  On  March  31,  however,  the  air 
temperature  w-ent  up  again  and  the  soil  temperature  commenced  to  rise 
accordingly.  On  April  1  the  12-inch  depth  of  the  loam  and  the  6-inch 
depth  of  the  peat  began  to  thaw.  The  12-inch  depth  of  the  peat  did  not 
show  signs  of  thawing  until  April  15.  The  temperature  of  the  IS-inch 
depth  of  the  loam  began  to  rise  slightly  above  32°F  by  March  8 — long 
before  the  actual  thawing  at  the  surface  of  the  various  soils  had  taken 
place — so  that  by  the  time  the  other  two  depths  had  thawed  it  was  by  *i 
few  degrees  higher  than  that  of  the  12-inch  depth. 

This  rising  of  temperature  at  the  18-inch  depth  of  the  loam  before 
complete  thawing  had  taken  place  at  the  above  depths  is  extremely  inter- 
esting and  goes  to  indicate  that  some  heat  comes  to  the  surface  from 
the  lower  and  warmer  depths  of  the  earth.  This  fact  finds  confirmation 
in  all  the  other  soils  and  especially  in  peat.  The  18-inch  depth  of  the 
latter  did  not  completely  freeze  but  its  temperature  remained  a  few 
tenths  of  a  degree  above  32°F.  By  the  middle  of  March,  however,  its 
temperature  began  to  rise  slowly  but  rather  persistently  so  that  by 
April  1,  when  the  6-inch  depth  oiP  this  soil  commenced  J;o  thaw  it  was 
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34°P  and  by  April  15  when  the  12-inch  depth  began  to  thaw  it  had  risen 
to  36.43°P. 

These  instances  therefore,  prove  conclusively  that  an  appreciable 
amount  of  heat  traverses  to  the  surface  from  the  lower  depths  and  tends 
to  maintain  a  higher  temperature  there  than  would  otherwise  exist.  It 
is  perhaps  partly  on  this  account  that  after  the  soils  freeze  at  the  upper 
depths  their  temperature  tends  to  remain  at  about  the  freezing  point. 
At  least  a  portion  of  the  heat  they  lose  at  these  upper  depths  is  re- 
plenished by  the  heat  coming  from  the  lower  depths.  In  the  spring,  how- 
ever, when*  the  air  temperature  b^ins  to  rise  and  the  loss  of  heat  from 
the  soil  is  thereby  diminished  if  not  entirely  stopped,  the  heat  coming 
from  the  interior  of  the  earth  accumulates  near  the  upper  depths  and 
causes  a  rise  in  temperature,  just  as  the  experimental  data  show.  The 
amount,  however,  coming  to  the  surface  during  a  single  day  is  un- 
doubtedly small,  partly  l^ause  of  the  low  heat  conductivity  of  the  soil, 
and  partly  on  account  of  the  small  gradient  of  temperature  existing  at 
the  adjacent  depths. 

Immediately  upon  complete  thawing  the  temperature  of  the  sand  and 
gravel  rose  at  once  a  few  degrees  above  that  of  the  clay  and  loam  and 
several  degrees  above  that  of  peat.  In  about  three  or  four  days,  how- 
ever, from  the  day  that  the  actual  thawing  occurred,  March  31,  and 
freezing  did  not  reoccur,  the  temperature  of  the  sand,  gravel,  loam  and 
clay  reached  about  the  same  degree;  that  of  peat,  however,  did  not  rise 
to  the  same  magnitude  until  April  26  or  about  27  days  later.  The  reason 
for  this  is  that  its  12-inch  depth  did  not  begin  to  thaw  until  April  15  or 
almost  one  month  after  the  corresponding  depth  of  the  other  soils  com- 
menced to  thaw.  As  soon  as  its  entire  frozen  layer,  however,  had  thawed 
then  its  temperature  rose  rapidly  and  approached  that  of  the  other  soils 
in  a  short  time. 

The  slow  rate  of  thawing  of  peat  and  the  rapid  ascend  of  its  tempera- 
ture thereafter  is  extremely  interesting  and  suggests  very  strongly  that 
it  is  the  latent  heat  of  fusion  of  ice,  which  amounts  to  80  calories  per 
gram  of  water,  which  delays  the  warming  of  those  soils  possessing  a  lanre 
amount  of  water  and  not  necessarily  the  high  specific  heat  of  the  water  in 
the  liquid  state.  This  inference  finds  strong  confirmation  in  the  fact 
that  during  the  fall  the  peat  which  possesses  the  greatest  total  specific 
heat  cools  at  the  same  rate  and  has  practically  identical  temperature  as 
the  other  soils. 

The  rapidity  with  which  the  clay  and  loam  thawed  and  the  rise  of 
their  temperature  to  the  same  magnitude  as  that  of  the  sand  and  gravel 
in  such  a  short  time  contradicts  the  exaggerated  general  belief  that 
these  soils  possess  a  greatly  lower  temperature  during  the  spring  and 
therefore  should  be  classed  as  cold  soils. 

Although  by  April  26  the  average  temperature  of  all  the  diflPerent  types 
of  soil  approached  the  same  magnitude  it  did  not  come  any  nearer  be- 
tween them,  as  it  continued  to  rise  in  the  subsequent  months,  until  next 
September.  Thus  during  the  months  of  May,  June,  July  and  August  it 
varied  appreciably  in  the  different  types,  being  always  highest  in  sand 
and  gravel  followed  by  loam,  clay  and  peat,  respectively.  At  some  days 
the  sand  and  gravel  had  as  much  as  10**P  higher  temperature  than  the 
peat  at  the  6-inch  depth.  This  large  diflPerence,  however,  occurred  only 
^never  the  air  temperature  rose  very  high  suddenly.   As  a  monthly 
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average  diiriug  May  and  June  the  sand  and  gravel  were  about  4  or  5°  F 
warmer  than  the  peat  at  the  6-inch  depth  and  only  about  2°F  warmer 
than  the  clay  and  loam,  while  as  an  average  during  the  months  of  July 
and  August  the  sand  and  gravel  had  only  al>out  2  or  '{°F  higher  tempera- 
ture than  peat  and  about  1  or  2''F  greater  than  the  clay  and  loam. 

The  higher  average  temperature  of  the  sand  and  gravel  over  that  of 
the  clay,  loam  and  peat  during  the  s|)ring  and  sunnuer  months,  when  their 
surface  was  not  covered  by  a  thin  layer  of  sand  as  in  the  first  year,  is 
very  noteworthy.  Tt  goes  to  show  that  those  soils  which  possess  a  high 
moisture  content  are  kept  somewhat  colder,  during  those  months  that 
the  temperature  rises,  than  the  soils  of  low  water-holding  capacity,  in 
spite  of  the  darker  color  of  some  of  the  former.  Evidently,  these  various 
soils  lose  different  amounts  of  water  through  evaporation  and  conse- 
quently maintain  different  degrees  of  temperature. 

That  the  factor  of  evaporation  is  the  casual  aeent  for  this  variation 
in  temperature  between  the  different  classes  of  soil  is  shown  by  the  fact 
that  when  the  surface  of  these  soils  is  covered  by  a  thin  layer  of  sand 
so  that  the  evaporation  of  their  water  is  more  or  less  equalized,  this 
variation  disappears,  and  all  the  soils  have  practically  equal  magnitude 
of  temperature  as  will  be  subsequently  shown. 

The  highest  daily  average  temperature  for  the  year  was  reached  between 
June  28  and  29  by  all  soils  and  at  all  three  depths.  The  magnitude  of 
temperature  on  June  28  for  the  6,  12  and  18-in.  depths  respectively  was  as 
follows:  gravel  87.83°,  81.30°,  78.70°;  sand  85.03°,  70.87°,  75.67°;  loam 
85.83°,  79.00°,  73.37°;  clay  84.40°,  78.33°,  73.87°;  and,  peat  80.37°, 
74.73°,  70.97°F. 

The  highest  monthly  average  temperature,  however,  occurred  in  July 
and  ranged  as  follows  for  the  6,  12  and  18-inch  depths,  respectivelv : 
gravel  78.73°,  75.77°,  74.74°;  sand  77.23°,  74.79°,  73.34°;  loam  77.89°, 
75.25°,  72.55°;  clay  76.38°,  74.11°,  72.79°;  and,  peat  75.34°,  73.75°, 
71.96°F. 

The  high  temperature  continued  to  prevail  until  August  and  then 
began  to  diminish.  The  differences  in  temperature  between  the  various 
types  of  soil  also  commenced  to  decrease  in  August  and  by  the  middle 
of  September  they  had  almost  entirely  disappeared  and  the  various 
soils  then  began  to  have  identical  degree  of  temperature.  From  this 
period  on  throughout  the  months  of  October  and  November  or  until  the 
beginning  of  the  third  year  in  December,  they  cooled  at  about  the  same 
rate  and  maintained  practically  equal  magnitude  of  temperfiture. 

There  were  days,  of  course,  when  the  average  temperature  of  the  dif- 
ferent soils  varied  appreciably.  But  this  occurred  only  whenever  the 
air  temperature  changed  very  rapidly.  On  such  occasions  the  peat  would 
have  a  slightly  higher  temperature  than  the  other  soils  if  the  air  tempera- 
ture went  down  rapidly,  while  the  mineral  soils  and  especially  the  sand 
and  gravel  would  manifest  a  slightly  higher  temperature  if  the  air  tem- 
perature rose  suddenly  and  rapidly.  But  as  an  average  for  the  month  all 
the  soils  were  equally  warm. 

The  same  rate  of  cooling  and  equal  magnitude  of  average  temperature 
of  the  diverse  classes  of  soil  during  the  fall  months  occurred  in  all  four 
years  and  are  indeed  remarkably  interesting  and  contrary  to  the  gen- 
eral popular  belief.   It  has  been  popularly  believed  that  smce  the  sandy 
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and  gravelly  types  of  soil  contain  a  low  percentage  of  water  and  conse- 
quently a  small  total  heat  capacity,  they  would  cool  at  a  greater  rate 
and  have  a  lower  average  temperature  in  the  fall  than  such  classes  of 
soil  as  the  loam,  clay  and  peat  which  contain  a  relatively  high  water  con- 
tent and  hence  a  large  heat  capacity. 

This  even  rate  of  cooling  and  equal  average  temperature  in  the  fall 
and  winter  months  of  the  different  types  of  soil  lM)th'  when  their  surface 
is  covered  with  the  thin  layer  of  sand  and  when  it  remains  uncovered  in- 
dicate that  there  is  no  one  intrinsic  factor  during  this  period  which  is 
sufficiently  powerful  to  predominate  and  cause  a  variation  in  the  tempei'a- 
ture  of  these  various  soils. 

The  main  and  most  important  facts  revealed  by  the  daily  and  monthly 
march  of  the  temperature  of  the  different  types  of  soil  during  the  sec- 
ond year  when  they  were  not  covered  with  a  layer  of  sand  may  be  sum- 
marized then  as  follows:  (1)  All  these  diverse  types  of  soil  froze  at 
about  the  same  time  at  the  various  corresponding  depths,  with  peat  at 
a  slightly  lower  rate  and  had  practically  the  same  magnitude  of  tem- 
perature throuffhout  the  winter;  (2)  During  a  period  of  cold  weather 
they  all  reached  an  equal  minimum  of  temperature  and  at  the  same  day 
at  all  three  depths;  (3)  Tn  the  spring  the  sand  and  gravel  thawed  first, 
followed  by  loam  and  clay  about  one  or  two  days  later  and  peat  several 
days  later,  down  to  the  18-inch  depth;  (4)  Immediately  upon  complete 
thawing  the  average  temperature  of  the  sand  and  gravel  rose  a  few  de- 
grees above  that  of  the  loam  and  clay  and  several  of  that  of  peat.  In 
about  three  or  four  days,  however,  the  temperature  of  the  clay  and  loam 
rose  to  about  the  same  magnitude  as  that  of  the  sand  and  gravel,  but 
that  of  the  peat  required  considerably  longer  time  to  approach  the  same 
point;  (5) The  temperature  of  all  the  soils  at  all  three  depths  continued 
to  rise,  after  complete  thawing,  and  almost  attained  the  same  magni- 
tude but  it  did  not  become  equal  until  in  the  fall.  Up  to  this  time  it 
varied,  being  highest  in  the  sand  and  gravel,  followed  in  order  by  loam, 
clay  and  peat,  respectively;  (6)  With  the  commencement  of  the  fall  the 
temperature  of  all  the  soils  began  to  be  equal  and  continued  fo  be  about 
the  same  throughout  the  fall  months  until  the  third  year  began  in 
December. 

It  will  now  be  seen  how  the  foregoing  results  compare  with  those  of 
the  follo\inng  or  third  year. 

With  the  commencement  of  the  third  year,  Decemlx^r  1,  1913  to  No- 
vember 30,  1014,  all  the  different  types  of  soil  were  again  covered  with 
a  thin  layer  of  sand  as  in  the  first  year,  December  1,  1911  to  November 
30,  1912.  The  daily  and  monthly  average  temperature  of  the  third  year 
are  contained  in  Tables  13  to  24  inclusive. 

An  examination  of  these  tables  reveals  (1)  that  all  the  different  types 
of  soil  at  all  three  depths  did  not  freeze  during  the  winter  of  the  third 
year.  Toward  the  last  week  of  December  the  6-inch  depth  of  the  various 
soils  approached  the  freezing  point  but  their  temperature  rose  to  about 
33°F  and  prevailed  at  this  point  throughout  the  winter  until  in  the 
spring  when  it  began  to  rise.  The  temperature  of  the  12-inch  depth  re- 
mained throughout  the  entire  winter  at  about  35°F  and  that  of  the  18- 
inch  depth  at  about  3r)°F.  The  magnitude  of  the  daily  and  monthly 
average  temperature  was  remarkably  close  in  all  types  at  the  respective 
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(2)  Signs  of  rise  of  temperature  began  to  be  manifested  by  March  14 
but  the  real  ascent  did  not  commence  until  March  25.  The  temperature 
of  the  sand,  gravel,  loam  and  clay  at  the  6-ineh  depth  rose  almost  simul- 
taneously to  about  40°F;  that  of  the  peat  at  the  corresponding  depth 
did  not  reach  this  point  until  March  31  or  6  days  later.  From  this  date 
on  the  average  temperature  of  all  the  various  soils  tended  to  be  equal. 
During  the  month  of  April  it  varied  only  about  1  or  2°F  as  a  monthly 
average  but  as  high  as  7  or  8°F  on  certain  individual  days  when  the 
air  temperature  underwent  rapid  changes.  During  the  months  of  May, 
June,  July,  August,  September,  October,  and  ^November,  indeed  up  to  the 
next  cycle,  the  average  temperature  of  all  tliese  distinct  classes  of  soil 
was  almost  exactly  the  same.  As  a  monthly  avenige,  the  highest  varia- 
tion that  occurred  between  any  of  them  was  only  a  little  over  1°F.  The 
peat  especially  at  the  6-inch  depth  had  a  slightly  higher  temperature  dur- 
ing the  warmest  part  of  the  year  than  the  other  soils.  The  daily  highest 
average  temperature  was  attained  on  June  10.  The  magnitude  on  this 
date  was  as  follows  for  the  6,  12  and  18-iuch  depths,  respectivelv : 
gravel  81.90^,  76.50°,  73.93^;  sand  81.47^  75.00°,  70.97^;  loam  80.93^°, 
1 4,23",  67.97°;  clay  80.47°,  73.77°,  70.07°;  and,  i)eat  81.03°,  72.27°, 
(57.20F.  The  monthly  highest  average  temperature,  however  was  rejiched 
in  July  with  the  following  magnitudes:  gravel  75.92°,  74.08°,  72.62°; 
sand  75.24°,  73.30°,  71.53°;  loam  75.80",  73.27°,  70.15°;  clay  75.31°, 
72.27°,  71.26° ;  and,  peiit  76.93°,  74.06°,  71.74°F  for  the  6,  12,  and  18- 
inch  depths,  respectively. 

The  results  of  the  spring  and  summer  mouths  of  the  third  year,  there- 
fore agree  almost  perfectly  with  those  of  the  first  year,  but  disagree  with 
those  of  the  second  year.  As  already  seen  in  the  second  year  the  average 
temperature  of  the  different  soils  varied  appreciably  during  the  spring 
and  summer  montlis,  with  the  sand  and  gravel  having  the  highest  tem- 
p(»rature  followed  by  loam,  clay  and  peat,  respectively. 

During  the  lirst  and  third  year,  however,  all  the  diverse  classes  of  soil 
wei-e  covered  with  a  thin  layer  of  sand,  as  already  stated,  while  during 
the  second  year  this  cover  of  sjind  was  not  present  and  consequently  the 
natural  surface  of  these  soils  was  exposed  to  tlie  atmosphere. 

The  remarkable  wpiality  of  temperature,  therfoi*e,  of  the  various  types 
of  soil  during  the  first  and  third  year  when  their  surface  was  covei'ed 
with  a  thin  layer  of  sand  and  its  inequality  (hiring  the  second  year 
when  their  surface  was  not  covered  suggest  tlie  noteworthy  fact  that  it 
is  the  thin  layer  of  sand  that  caused  the  equality,  it  accomplished  this 
mainly  by  equalizing  to  a  greater  or  less  extent  the  amount  of  water 
that  the  various  soils  lost  through  evaporation.  The  clay,  loam,  and  peat 
and  especially  the  latter,  for  instance,  possessing  a  high  water  content 
tended  to  lose  more  water  through  evaporation  than  the  sand  and  gravel 
whose  water  content  is  low,  and  consequently  their  temperature  was  kept 
lower,  just  as  the  results  of  the  second  year  show.  By  placing  a  thin 
layer  of  sand,  which  acted  as  a  mulch,  over  these  types  of  soil  whose 
water  content  is  high,  the  evaporation  of  their  moisture  was  reduced, 
and  their  temperature  was  thereby  raised  to  the  same  magnitude  as  that 
of  the  soils  with  a  low  water  c(mtent.  It  was  the  inequality  in  the 
amount  of  evaporation,  therefore,  that  caused  the  various  tvpes  of  soil 
to  have  different  degrees  of  temperature;  and  wl^hd^j^^OdfCTSfe 
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evaporation  was  prevented,  then  all  the  diverse  classes  of  soil  were  equally 
warm  during  the  spring  and  summer  months. 

The  knowledge,  therefore,  that  a  thin  layer  of  sand  at  the  surface  is 
capable  of  raising  several  degrees  the  temperature  of  clay  and  loam  and 
especially  of  peat,  is  of  the  greatest  practical  importance. 

It  has  already  been  stated  that  up  to  the  end  of  the  third  year  the 
temperature  of  the  different  types  of  soil  was  measured  at  6,  12,  and  18- 
inch  depths.  With  the  beginning  of  the  fourth  y.ear,  December  1,  1914 
to  November  30,  1915,  the  thermometers  were  removed  and  placed  at  the 
depths  of  2,  4,  and  6  inches.  This  change  was  made  with  the  desire  to 
obtain  information  on  the  soil  temperature  more  close  to  the  surface, 
and  also  to  ascertain  whether  the  general  trend  of  order  of  the  magni- 
tude of  temperature  at  the  upper  depths  would  be  similar  to  that  at  the 
lower  depths.  The  cover  of  sand  was  also  removed  from  the  top  of  these 
soils  so  that  their  natural  surface  was  exposed  to  the  atmosphere  during 
this  year.  The  data  obtained  during  the  fourth  year  are  contained  in 
Tables  25  to  36  inclusive. 

An  examination  of  these  tables  shows  that  (1)  all  the  different  types 
of  soil  began  to  freeze  almost  simultaneously  at  the  respective  depths 
with  peat  at  a  slightly  slower  rate.  By  the  end  of  December  they  had 
all  frozen  practically  down  to  the  6-inch  depth.  From  this  period  on 
they  remained  at  the  freezing  point  throughout  the  winter  until  in  the 
spring  when  they  commenced  to  thaw.  During  the  winter  months  their 
temperature  was  not  only  almost  exactly  the  same  at  any  corresponding 
depth  but  also  of  practically  equal  magnitude  at  all  depths.  In  other 
words  the  upper  6-inch  layer  of  soil  had  the  same  magnitude  of  tem- 
perature. The  lowest  average  temperature  was  reached  on  January  30. 
At  this  date  the  average  temperature  of  the  sand  went  down  a  few  de- 
grees lower  than  that  of  the  other  soils. 

(2)  Thawing  b^an  to  occur  by  March  12  but  it  did  not  actually  com- 
mence until  April  1.  The  gravel,  sand,  loam,  and  clay  thawed  almost 
simultaneously,  with  peat  about  four  days  later.  The  temperature  of 
the  mineral  soils  rose  quite  rapidly  to  about  the  same  degree,  followed 
by  peat  with  a  few  days  later. 

(3)  The  average  temperature  df  all  the  soils  then  tended  to  be  equal, 
as  it  ascended,  but  it  did  not  reach  equality  until  about  September.  Up 
to  this  time  the  magnitude  varied  in  the  different  types,  being  greatest  in 
sand  and  gravel,  followel  by  clay,  loam,  and  peat,  respectively.  The 
temperature  of  peat,  however,  was  only  about  2^F  lower  than  that  of  the 
sand  or  gravel  at  any  corresponding  depth,  throughout  the  months  of 
May,  June,  July,  and  August. 

(4)  By  the  beginning  of  September  this  variation  in  average  tem- 
perature in  the  different  soils  began  to  disappear  and  the  magnitude  be- 
came practically  identical  in  all  of  them  at  all  three  depths,  and  con- 
tinued to  be  equal  until  November  30,  which  is  the  end  of  the  year. 

The  results  of  the  fourth  year,  show,  therefore,  that  the  average  tem- 
perature of  the  upper  depths  of  the  various  types  of  soil  behaved  almost 
in  the  same  manner  as  that  of  the  lower  depths  of  the  second  year  or 
corresponding  year,  when  the  surface  of  the  soils  was  not  covered  with 
the  sand. 
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THE  DAILY  REJVBBSION  OP  TBMPBRATUBB  AND  THE  TBMPMIATURB  GBADIBSNT  AT 

THD  ADJACENT  DEPTHS. 

Unless  the  soil  is  frozen  it  almost  always  has  a  gradient  of  temperature 
at  its  adjacent  depths.  This  gradient  of  temperature,  however  reverses 
itself  between  day  and  night  during  the  warm  part  of  the  year  to  the 
depth  that  the  diumal-noctumal  amplitude  of  oscillation  of  tempera- 
ture extends.  During  the  day  it  decreases  from  the  surface  downward 
and  during  the  night  the  reverse  is  true.  There  are  periods,  however, 
both  in  the  night  and  day,  when  this  gradient  is  not  regular.  This  occurs 
usually  at  the  time  that  the  reversion  takes  place.  The  magnitude  of 
the  gradient  between  the  different  depths  varies  with  the  time,  both  at 
day  and  night,  and  the  air  temperaure. 

This  gradient  of  soil  temperature  at  the  adjacent  depths  and  its  re- 
version Ijetween  day  and  night  is  due,  of  course,  to  the  fact  that  the  air 
•  temperature  i-everses  itself  during  these  periods  and  the  soil  receives  or 
loses  its  heat  more  at  the  surface,  at  any  given  time,  than  at  the  increas- 
ing depths. 

The  soil,  down  to  the  depth  that  the  diumal-noctumal  amplitude  of 
oscillation  of  temperature  extends,  receives  its  temperature  in  the  fomi 
of  waves.  Thus,  for  instance,  in  the  morning  before  sunrise,  there 
occui*s  at  its  surface  a  minimum  temperature.  At  this  time  the  tem- 
perature is  lowest  at  the  surface  and  increases  with  depth.  As  soon  as 
the  air  temperature  begins  to  rise,  however,  the  temperature  at  the  sur- 
face of  the  soil  also  commences  to  climb.  The  minimum  temperature, 
however,  is  travelling  downward  as  a  wave,  and  lowers  the  temperature 
of  the  various  depths  as  it  reaches  them.  But  as  soon  as  the  tempera- 
ture begins  to  rise  at  the  surface,  it  also  is  conducted  downward  as  a 
wave  and  immediately  follows  the  minimuip  temperature  wave,  and  causes 
a  rise  in  temperature.  At  about  this  point  a  reversion  takes  place  at  and 
near  the  surface  and  the  gradient  becomes  discontinuous.  The  soil  then 
at  the  upper  and  lower  depths  has  a  higher  temperature  than  at  the 
intermediate. 

The  intensity  of  the  minimum  wave  becomes  less  and  less  as  it  travels 
downward  imtil  finally  it  reaches  a  depth  where  its  influence  is  no  longer 
perceptible.  The  warm  wave,  which  immediately  follows  it  causes  then 
the  temperature  of  all  the  depths  to  rise.  A  gradient  then  is  again  estab- 
lished and  decreases  in  magnitude  from  the  surface  downward.  The 
magnitude  of  this  gradient  between  the  adjacent  depths  increases,  as 
the  tem])erature  rises  in  all  depths,  until  the  maximum  temperature  is 
attained  at  the  surface  when  it  becomes  greatest.  At  this  time  the  sur- 
face soil  possesses  a  very  high  temperature  and  the  temperature  falls 
very  rapidly  with  the  increase  in  depth. 

The  maximum  temperature  which  occurred  at  the  surface  travels  to 
the  lower  depths  as  a  maximum  wave,  and  imparts  to  the  different  depths 
a  maximum  temperature  at  different  times. 

But  tliis  maximum  wave  is  immediately  followed  by  a  cold  wave  which 
lowers  the  temperature  at  the  various  depths  and  decreases  the  magni- 
tude of  the  gradient.  The  cold  waves  of  different  intensities  continue  to 
travel  through  the  soil,  and  to  cause  a  reversion  of  its  temperature  in 
the  same  manner  as  the  warm  waves  already  discussed. 

A  concrete  illustration  of  the  propogation  of  these  cold  and  warm 
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waves  into  the  soil  and  the  degree  of  temperature  gradient  at  the  ad- 
jacent depths  at  any  particular  time,  ai-e  atforded  by  tables  37  and  38, 
which  contain  the  temperature  of  the  different  types  of  soil  at  four  dif- 
ferent depths  taken  every  20  minutes  from  the  time  that  the  minimum 
or  maximum  temperature  occurred  at  the  surface  to  the  time  they  had 
reached  the  lowest  depth  in  all  the  soils.  These  records  are  a  few  of  a 
great  number  that  were  taken  at  various  times  throughout  the  four  years. 
The  data  presented  here  were  obtaind  during  the  fourth  year  when  the 
thermometers  were  placed  at  2,  4,  and  G  inches  from  the  top.  The  tem- 
l>erature  at  0  inch  depth  or  at  the  surface  was  taken  by  a  mercury  ther- 
mometer which  had  a  very  small  bulb.  This  bulb  was  inserted  into  the 
surface  soil  until  it  was  coiupletely  covered.  It  registeml  the  tem- 
perature only  of  the  upper  i^-inch  depth. 
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The  above  figures,  therefore,  show  that  the  heat  is  propogated  into 
the  soil  in  the  form  already  described. 

They  also  show  that  the  degree  of  gradient  of  temperature  is  much 
greater  during  the  day  when  the  maximum  temperature  is  reached  than 
during  the  night  when  the  minimum  is  attained,  at  the  surface.  Thus, 
for  instance  in  the  former  case  the  difference  is  almost  as  high  as  30°F, 
while  in  the  latter  case  it  is  only  about  10°F.  It  is  to  be  noted  that  in 
both  instances  the  amplitude  is  greatest  between  the  surface  and  2-inch 
depth  and  decreases  rapidly  with  the  succeeding  depths. 

Another  extremely  interesting  fact  that  is  revealed  by  the  above  tables 
is  that  the  rate  at  which  the  maximum  and  minimum  waves  travel  at  the 
various  depths  of  any  particuliir  soil  tends  to  follow  approximately  a 
mathematical  law.  This  law  may  be  stated  as  follows:  the  lag  of  the 
maximum  and  minimum  epochs  tends  to  be  approximately  proportional 
to  the  depth,  in  all  the  different  types  of  soil. 

The  larger. gradient  during  the  day  over  that  at  night  is  due,  of  course, 
to  the  fact  that  during  the  Tiis:#>latinii  the  soil  receives  its  heat  both 
by  absorption  and  by  contact  with  the  warm  air  and  since  it  is  a  poor 
conductor  of  heat  the  temnerature  rises  at  the  top  much  faster  than  it 
is  conducted  downward.  While  during  the  night  it  is  this  high  tempera- 
ture at  the  depths  that  is  being  lost,  through  radiation  and  contact  with 
the  cold  air,  and  since  the  rate  of  cooling  is  slower  than  that  of  warm- 
ing, the  various  adjacent  dey^ths  do  not  attain  very  large  gradients  of 
temperature. 

The  night  or  early  morning  gradient  at  the  various  adjacent  depths 
is  greatest  in  the  fall,  and  slightly  smaller  in  the  summer,  and  spring.  In 
the  fall  the  magnitude  between  the  surface  and  6-inch  depth  is  usually 
about  5°F  while  in  the  summer  and  fall  it  is  about  3°F,  in  the  mineral 
soil,  and  slightly  higher  in  the  peat. 

The  degi-ee  of  gradient  at  the  various  depths  both  at  night  and  day 
is  of  great  importance  from  the  standpoint  of  aeration  and  thermal  move- 
ment of  moisture  in  soils  as  shown  by  the  author  elsewhere*. 

^Technical  Bui.  22.  Mich.  Expt.  Sta.,  1915. 
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EFFECT  OF  METEOROLOGICAL  T^ILEMENTS  ON  THE  SOIL  TEAIPBRATURE. 

It  has  already  been  stated  that  tJie  external  factors  which  comprise 
(he  ineteoi-ological  elements  act  upon  the  intrinsic  factors  and  cause  the 
temperature  of  the  soil  to  vary  as  they  themselves  vary.  These  meteoro- 
logical elements,  however,  do  not  all  influence  the  soil  temperature  in  the 
same  direction,  and  ai'e  very  complex  as  to  their  behavior  and  conse- 
quently the  influence  of  all  of  them  is  not  readily  apparent.  In  the  pre- 
vious report  an  attempt  was  made  to  establish  a  connection  between  the 
soil  temperature  and  the  various  chief  meteorlogical  elements  but  it  was 
not  altogether  successful.  The  only  factors  with  which  the  soil  tempera- 
ture correlated  very  closely  was  the  air  temperature,  the  dew  point 
and  the  sunshine  during  the  summer. 

TUB  DAILY  AND  MONTHLY  MAXIMUM  ANT)  MINIMUM  TEMPERATURE  AND  THE 

MONTHLY  AMPLITUDE. 

Thus  far  the  average  daily  march  of  average  temperature  of  the  various 
types  of  soil  has  been  considered.  It  will  now  be  of  interest  to  examine 
the  daily  maximum  and  minimum  temperature  and  consequently  also 
the  amplitude  of  these  same  classes  of  soil.  The  data  for  the  three 
years  are  included  in  Tables  39  to  74  inclusive.  As  previously  stated 
these  maximum  and  minimum  temperatures  do  not  represent  the  abso- 
lute values,  but  they  approach  these  actual  or  true  values  very  closely. 
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TABLE  39.— MAXIMUM.  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPPS  OF  SOIL.  NOT  COVERED 

WITH  BAND.  DECEMBER.  1912. 


Date— 
Maziinuin, 


^iMin... 

n  f  Max. . . 

^\Min... 

.  f  Mm... 

*\Min... 

,/M«... 

'MMin... 

.  (Max... 

^IMin... 

7fMtx... 

^\Min... 

jv/Mtx... 

io{Mi?.;: 
»{mS.:: 

"{m!?.;:: 

«A/Max... 

^«{Mb.:: 
>»{Mb.:: 
2o{Mb.:: 

2,/Max... 

»{Mb.::: 

27(55!?;::: 
28{Mi?.::: 
3o(m".;:: 

Ave.  {  MIn  .. 


Gravel. 
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Clay. 
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6' 
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\V 
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49. r 

42.0 

An  7 
4«.7 

41.2 

41 .9 

40.3 

44.0 

41.7 

42.6 

41.3 

42.5 

40.7 

40.9 

30.1 

40.2 

38.3 

40.6 

39.8 

42.2 

40.7 

40.6 

38.8 

40.7 

39.4 

38.6 

36.4 

37.8 

37.5 

40.7 

40.6 

91.1 

36.8 

39.4 

38.3 

41 .5* 

40.7 

37.5 

36.5 

39.6 

38.3 

41.8 

41.4 

38.3 

37.0 

40.3 

39.6 

41.4 

41.3 

.38.4 

37.1 

40.6 

39.6 

41.5 

41.2 

38.2 

37.3 

38.6 

38.4 

40.9 

40.8 

37.1 

38.0 

38.1 

38.9 

39.6 

38.9 

36.8 

38.1  . 

38.1 

40.1 

39.9 

37.5 

36.8 

38.9 

38.5 

40.9 

40.0 

38.1 

37.1 

38.0 

38.5 

40.2 

39.7 

38.5 

36.4 

38.4 

38.1 

40.7 

40.6 

•Hl«*l 

36.4 

9a  7 
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37.9 
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35.9 
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37.9 
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39.9 
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?6!6 

38.9 
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39.9 
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38.7 
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40.5 

40.3 

38.3 
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39.9 
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41  7 

49  1 

43.1 
38  2 

43.1 

40.0 

42.5 
41.9 

41.9 

33  9 

41.1 
40.7 

41.4 

41.1 

42.7 

39.0 

41.2 
41.0 

41.3 
41.1 

38.7 

39  1 

38.1 

38.4 

41.0 

40.9 

35.1 

9P  1 

37.0 

4A  O 
40.O 

39.7 

36.9 

35.0 

38.2 

37.2 

41  n 
41.0 

40.1 

37.1 

36.1 

38.9 

39.1 

41.5 

41.0 

37.1 

36.0 

39.8 

39.0 

41,2 

40.6 

38.0 

37.2 

39.1 

38.5 

41.2 
40.4 

32.9 

35.1 

34.7 

38.2 

38.0 

34.2 

33.1 

35.6 

35.0 

38.8 

38.2 

34.2 

33.9 

37.4 

37.1 

39.7 

39.5 

34.0 

33.7 

37.2 

36.6 

88.9 

38.5 

35.5 

35.0 

38.2 

37.8 

40.9 

40.6 

31.7 

94  A 
34.4 

33.7 

37.2 
36.9 

32.8 

32.3 

34.8 

34.1 

37.9 

37.4 

33.6 

33.1 

38.5 

36.4 

38.9 

38.7 

33.2 

32.9 

36.3 

36.1 

38.2 

37.8 

34.7 

34.4 

37.4 

37.1 

40.3 

39.3 

oo.u 
32.1 

94  7 

34.7 

33.7 

37.5 

36.6 

33.0 

32.1 

34.9 

34.3 

37.7 

37.3 

33.4 

32.9 

36.3 

35.8 

38.5 

38.1 

33.2 

32.7 

36.1 

35.5 

37.8 

37.3 

34.3 

33.6 

37.2 

36.4 

40.1 

39.3 

91  1 

Ol  .1 

30.2 

33.1 

32.6 

36.4 

35.7 

31.3 

30.3 

33.8 

33.0 

37.2 

36.4 

32.7 

32.2 
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35.2 

38.0 

37.6 

32.5 

31.7 

35.5 

34.9 
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36.7 

33.7 
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36.3 

36.0 
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31.7 
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35.0 
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31.0 

34.8 
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36.0 

32.9 
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30.9 

29.0 

31.9 
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35.3 

33.9 

30.7 
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32.7 

31.2 

35.9 

34.9 

31.3 

30.3 

34.6 
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37.0 

35.9 
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34.2 

33.0 
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34.9 

32.7 

31.4 
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34.3 

36.6 

36.4 

32.2 

32.0 

34.8 

34.5 

36.8 

36.6 

32.4 

32.2 

34.6 

34.4 

36.1 

35.7 

32.8 

32.8 

34.9 

34.8 

37.7 

37.5 

99  O 

32.4 

34.0 

33.5 

9A  n 
3D.0 

35.7 

33.2 

33.1 

34.8 

34.6 

36.8 

36.5 

32.3 

32.2 

34.9 

34.7 

36.9 

36.6 

32.7 

32.5 

34.9 

34.8 

38.4 

36.1 

32.9 

32.8 

34.9 

34.8 

37.7 

37.4 

99  1 

99.1 
32.7 

94  9 

94.3 

33.9 

36.0 

35.8 

33.2 

32.9 

34.7 

34.2 

36.8 

36.4 

32.5 

32.1 

35.0 

34.4 

36.9 

36.5 

32.8 

32.4 

34.9 

34.5 

36.4 

35.8 

33.0 

32.7 

34.9 

34.5 

37.6 

37.2 

99  n 
99.0 

33.0 

34.0 

34.0 

35.9 

35.8 

33.0 

32.9 

34.6 

34.4 

36.4 

36.4 

32.4 

32.3 

34.8 

34.7 

36.6 

36.4 

32.8 

32.7 

34.9 

34.8 

36.0 

35.9 

32.0 

32.8 

34.8 

34.7 

37.4 

37.3 

99  7 

31.4 

99  D 

93. o 

32.3 

35.8 

34.9 

32.0 
31.4 

33.7 

33.1 

36.3 

35.5 

32.0 

31.4 

34.8 

33.8 

36.1 

35.7 

32.5 

31.8 

34.7 

34.0 

35.8 

35.2 

32.4 

31.9 

34.3 

33.8 

36.9 

36.4 

31.5 

31.3 

32.9 

32.5 

34.9 

34.5 

31.3 

31.1 

33.0 

32.7 

35.2 

35.0 

31.2 

31.0 

33.7 

33.3 

35.8 

35.4 

31.4 

31.3 

33.7 

33.4 

35.0 

35.0 

31.6 

31.4 
» 

33.8 

33.4 

36.3 

36.0 

31.9 

31.6 

33.2 

32.9 

35.2 

34.9 

31.8 

31.2 

33.1 

32.8 

35.7 

35.2 

31.6 

31.2 

34.2 

33.7 

35.9 

35.7 

31.9 
31.4 

34.1 

33.7 

35.5 

35.0 

32.2 
31.9 

34.1 

33.8 

36.6 

36.4 

32.6 

32.2 

33.7 

33.2 

35.5 

35.1 

999 

32.3 

31.7 

33.8 

33.2 

35.9 

35.7 

32.1 

31.8 

34.4 

34.1 

36.3 

36.0 

32.5 

32.1 

34.4 

34.2 

35.8 

35.6 

32.7 

32.1 

34.5 
34.1 

37.0 

36.8 

32.2 

31.0 

33.5 

32.3 

35.5 

34.6 

31.9 

31.0 

33.4 

32.7 

35.8 

34.9 

32.0 
31.1 

34.3 

33.4 

36.2 

35.1 

32.4 

31.2 

34.3 

33.6 

35.8 

35.0 

32.5 
31.7 

34.3 

33.5 

36.9 

36.2 

32.1 

31.6 

33.2 

32.9 

35.1 

34.9 

32.6 

31.6 

33.2 

32.9 

35.3 

35.1 

31.7 

31.2 

33.9 

33.4 

35.7 

35.3 

32.1 
31.4 

34.1 

33.6 

35.1 

135.0 

'32.0 

31.7 

33.8 

33.3 

38.3 

36.2 

31.9 

31.7 

33.0 

32.9 

34.8 

34.7 

31.9 

31.6 

33.2 

32.9 

35.1 

35.0 

31.4 

31.2 

33.7 

33.4 

35.6 

35.2 

31.9 

31.7 

33.8 

33.4 

'35.1 

34.8 

•31.9 

^31.4 

'33.7 

33.3 

36.3 

35.9 

33.98 
32.98 
1.00 

35.08 
34.34 
0.74 

37.08 
36.55 
0.53 

34.15 
32.98 
1.17 

35.42 
34.65 
0.77 

37.58 
37.07 
0.51 

33.80 
33.12 
0.68 

38.06 
35.51 
O.M 

37.89 
37.48 
0.41 

34.061  36.0^ 
33.27  35.49 
0.79  0.53 

Digitized 

37.34 
36.00 
0^ 

byVJ 

84.12 
33.58 

35.93 
35.51 

38.54 
88.18 
0.38 
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TABLE  40. 


-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED 
WITH  SAND,  JANUARY,  1913. 


Date- 
Maximum, 

ypiniix>iim. 

Gravel. 

Sand. 

Loam. 

Clay. 

PetL 

6' 

12* 

18* 

6' 

12* 

18* 

6* 

12' 

18* 

8* 

ir 

18' 

8' 

12* 

ir 

,/Max.... 

MMin.... 

31.7 

31.6 

32.9 

32.6 

34.3 

34.2 

31.6 

31.5 

32.9 

32.8 

34.9 

34.8 

31.2 

31.1 

33.3 

33.1 

35.0 

34.0 

31.6 

31.5 

33.6 

33.2 

34.9 

34.6 

31.6 

31.3 

33.2 
33.1 

35.9 

35  7 

Min. ... 

31.9 

31.7 

32.9 

32.8 

34.4 

34.2 

31.8 

31.6 

33.1 

32.8 

35.2 

34.8 

31.3 

31.0 

33.6 

33.0 

35.2 

34.8 

31.9 

31.3 

33.7 

33.2 

34.9 

34.4 

31.7 

31.3 

33.4 

33.1 

35.9 

35.7 

.  f  Max.... 

'*\Min.... 

32.7 

32.0 

33.3 

33.1 

35.& 

34.9 

32.4 

31.8 

33.7 

33.3 

35.4 

35.3 

31.7 

31.3 

33.8 

33.4 

35.5 

35.2 

32.4 

32.1 

•34.1 

33.8 

.36.1 

35.0 

32.0 

31.7 

33.8 

33.6 

36.2 

35.9 

.  f  Max.... 

^IMin... 

32.7 

32  2 

33.4 

33.2 

35.0 

34.8 

32.4 

32.0 

33.7 

33.4 

35.4 

35.2 

31.8 

31.4 

33.9 

33.7 

35.6 

35.2 

32.3 

32.1 

34.2 

33.S 

35.2 

35.0 

32.1 

31.8 

33.8 

33.4 

36.1 

35.8 

-/Max.... 

^IMin.... 

31.7 

31.3 

32.8 

32  5 

34.7 

34.0 

31.6 

.31.3 

33.0 

32.6 

34.9 

34.6 

31.3 

30.9 

33.3 

33.1 

35.2 

35.0 

31.7 

31.3 

33.6 

33  2 

35.0 

34.6 

31.7 

31.1 

33.5 

32.8 

36.0 

35.7 

7  f  Max.... 

^\Min.... 

32.7 

32  2 

33.8 

33.2 

35.2 

34.9 

32.6 

32.4 

33.8 

33.2 

35.6 

35.2 

31.8 

31.5 

34.2 

33.7 

35.7 

35.5 

32.5 

32.1 

34.3 

33.8 

35.6 

35.1 

32.3 

31 

34.2 

33.7 

36.6 

36.3 

cfMax.... 

^\Mm.... 

32.7 

32.7 

33.6 

33.6 

35.1 

35.1 

32.5 

32.5 

33.8 

33.8 

35.7 

35.7 

31.8 

31  8 

34.1 

34.1 

36.8 

35.8 

32.4 

32.4 

34.2 

34.2 

35.1 

35.1 

32.2 

32.2 

34.1 

84.1 

36.5 

36.5 

q ;  Max. 

31.9 

31.7 

33.2 

32  7 

34.4 

34.3 

31.7 

31.6 

33.0 

32.8 

35.0 

34.7 

31.3 

31.1 

33.4 

33.2 

35.1 

34.8 

31.8 

31.4 

33.3 

33.3 

34.8 

34.7 

31.5 

31.5 

32.8 

32.8 

35.7. 

35.7 

!«/  Max  .  . 

Mm.... 

32.2 

31.8 

33.2 

32  8 

34.8 

34.2 

32.2 

31.5 

33.1 

32.9 

35.1 

34.7 

31.7 

31.2 

33.7 

33.2 

35.3 

34.8 

32.1 

31.5 

33.6 

33.1 

34.9 

34.4 

31.9 

31.3 

33.4 

33.1 

35.8 

35.7 

„  [Max  .. 

32.2 

32 . 1 

33.1 

34.5 

1A  A 

31.9 

31  7 

33.1 

33  0 

35.0 

H  Q 

31.3 

01 .0 

33.3 

91  9 

35.0 

31.9 

31  8 

33.5 

99  9 
00.0 

34.7 

34. 6 

31.8 

31  6 

33.4 

99  1 
00. 1 

35.7 

35  6 

13  /  K?* 

*^  \  Mm  

32.7 

32  3 

33.7 

33.4 

34.9 

34.9 

32.2 

32.1 

33.7 

33.3 

35.2 

35.2 

31.9 

31.4 

33.9 

33.8 

36.2 

35.1 

32.1 

32.1 

33.9 

33.8 

35.0 

34.9 

32.0 

31.8 

33.7 

33.3 

38.1 

35.8 

« <  '  Max 

iMmS...: 

32.2 

33  8 

33!  1 

oo.o 

34.6 

32.1 

33.3 

35  6 

34^9 

31  2 

99  Q 

33.3 

9K  9 

34.9 

32.3 

3L8 

94  1 

33.4 

9R  9 

34  8 

32.5 
3L7 

33.2 

36  2 

35^4 

[  Max.... 

^^iMin  .. 

32.8 

32.5 

33.7 

33.2 

35.1 

34.8 

32.3 

32.1 

33.6 

33.4 

35.1 

35.0 

31.7 

31.3 

33.7 

33.5 

35.2 

35.1 

32.2 

31.9 

33.9 

33.8 

34.9 

34  7 

31.8 

31.7 

33.3 

33.2 

35.8 

35.7 

jj.  /  Max... 

32.7 

32.6 

33.6 

33.4 

34.9 

34.8 

32.2 

32.0 

33.0 

32.9 

34.3 

34.2 

31.9 

31.7 

33.8 

33.7 

35.3 

35.0 

32.2 

32.0 

33.9 

33.8 

35.0 

34.9 

31.9 

31.8 

33.7 

33.6 

36.0 

35.7 

,-f  Max  ... 

32.4 

32.3 

33.7 

33.2 

36.0 

34.8 

32.1 

32  0 

34.0 

33.9 

34.8 

34.7 

32.0 

31.8 

33.8 

33  6 

35.1 

34.9 

32.3 

32.1 

34.0 

33.8 

34.9 

34.8 

31.9 

31.9 

33.4 

33.3 

35.8 

36.7 

1 Q  f  Max .... 
^^\Min.... 

32.4 

32.1 

33.9 

33  7 

35.0 

34.6 

32.3 

32.0 

33.« 

33.5 

35.1 

34.8 

31.9 

31.8 

33.8 

33.4 

35.3 

35.0 

32.2 

32.1 

34.1 

33.9 

35.1 

34.9 

32.1 

31.9 

33.6 

33.1 

35.8 

35.4 

2f,;  Max.... 
^\Min. .  .. 

33.3 

32.5 

34.4 

33.3 

35.5 

34.5 

33.7 

32.4 

34.4 

33.6 

35.8 

35.1 

32.6 

31.7 

34.2 

33.3 

35.9 

34.9 

33.0 

32.3 

34.4 

33.7 

35.5 

35.0 

32.5 

31.8 

34.0 

33.2 

38.0 

35.8 

2i/Max.... 
\  Min 

33.8 

33.0 

34.3 

33.0 

35.8 

35.1 

33.3 

33.2 

34.3 
34.1 

35.9 

35.2 

32.6 

32.0 

34.3 

33.0 

35.8 

35.3 

33.0 

32.7 

34.4 

34.1 

35.7 

35.0 

32.3 

31.9 

33.8 

33.2 

36.S 

35  7 

nn  j  Max  .... 

Min... 

33.6 

33.0 

34.3 

33.9 

35.7 

34.9 

33.5 

32.0 

34.6 

33.8 

35.7 

35.1 

32.2 

31.7 

34.2 

33.4 

35.8 

35.0 

33.0 

32.4 

34.3 

33.8 

36.3 

34.8 

32.3 

31.7 

33.7 

33.1 

35.9 

36.3 

„!Max.... 

^^IMin.... 

33.3 

33.0 

34.2 

34.0 

35.6 

35.2 

33.2 

32.9 

34.2 

34.0 

35.6 

35.3 

32.1 

3h9 

33.9 

33.7 

35.3 

35.1 

32.8 

32.8 

34.3 

34.0 

35.2 

35.1 

32.1 

31.9 

33.4 

33.2 

35.9 

35.4 

ft  4  i  Max .... 
^MMih.... 

33.3 

33  0 

34.2 

33.8 

36.6 

35.1 

33.1 

32.9 

34.1 

33.9 

35.5 

35.1 

32.2 

31.8 

34.1 

33.7 

35.4 

35.1 

33.0 

32.6 

34.6 

33.0 

35.4 

34.9 

32.2 

31.8 

33.7 

33.2 

36.1 

35  4 

oc  ^  Max... . 

^^\Min.... 

33.3 

33.2 

34.2 

34  0 

35.6 

35.1 

33.2 

33.0 

34.1 

34.0 

35.7 

35.3 

32.1 

32.0 

34.1 

33.9 

35.4 

35.3 

33.1 

32.7 

34.4 

33.9 

35.4 

35.0 

32.2 
31.9 

33.6 

33.2 

35.9 

35.7 

97  f  Max  

33.3 

33.0 

34.0 

33.8 

35.3 

35.0 

33.0 

32.7 

34.0 

33  9 

35.2 

35.1 

31.9 

31.9 

34.0 

33.9 

35.1 

35.0 

32.9 

32.7 

34.1 

33.0 

35.1 

34.9 

31.9 

31.7 

33.2 

33.0 

35.7 

35.3 

og  I  Max .... 
2^\Min.... 

32.7 

32.2 

33.6 

33.2 

35.1 

34.8 

32.1 

31.7 

33.7 

33.1 

35.1 

34.9 

32.2 

31.7 

34.0 

33.5 

35.3 

34.9 

32.9 

32.3 

34.3 

33.8 

35.4 

34.8 

32.2 

31.7 

33.3 

33.0 

35.9 

35  3 

^»{S!5f:.:: 

31.6 

30.9 

33.2 

32.7 

35.1 

34.3 

30.2 

29.1 

33.0 

32.3 

35.1 

34.4 

31.8 

31.2 

34.0 

33.7 

35.3 

35.0 

32.2 

31.8 

34.1 

33.8 

35.1 

34.7 

31.2 

30.8 

33.3 

33.2 

35.8 

35.5 

31.2 

30.8 

32.4 

32.0 

34.2 

33  9 

31.1 

30.3 

32.2 

32.0 

34.3 

34.1 

31.2 

30.9 

33.3 

33.0 

34.9 

34.7 

31.4 

31.2 

33.3 

33.1 

34.4 

34  1 

30.9 

30.8 

33.0 

32.8 

35.2 
34  9 

31.8 

31.5 

32.8 

32  3 

34.0 

33.9 

31.5 

31.1 

32.3 

32.0 

34.1 

;t3.8 

31.3 

31.0 

33.3 

33.1 

34.9 

34.6 

31.9 

31.4 

33.3 

33.0 

34.4 

34.2 

31.4 

31.2 

33.1 

32.8 

35.3 

35.1 

[Max.. 
Ave  J  MIn  . 
[  Range 

32.58 
32.20 
0.38 

33.56 
33.20 
0.36 

35.00 
34.64 
0.36 

32.30 
31.94 
0.36 

33.56 
33.24 
0.32 

35.19,  31.80 
34.891  31.47 
0.30{  0.33 

1 

33.81 
33.49 
0.32 

35.33 
35.03 
0.30 

32.34 
32.01 
0.33 

33.98 
33.64 
0.34 

35.08 
34.78 
0.30 

31.93 
31.62 
0.31 

33.53 
33.20 
0.33 

35.93 
35.62 
0.31 

Digitized  by 
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TABLE  41.-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED 

WITH  SAND,  FEBRUARY,  1913. 


Date— 
'Mftximum, 

minimum. 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat. 

6' 

12* 

18" 

6* 

12* 

18' 

6' 

12* 

18' 

8' 

12* 

18' 

6' 

12* 

18' 

.  (Mtx.... 

1  Min .... 

30.0 

29.1 

32.7 

31.9 

34.2 

34.1 

31.7 

30.0 

32.9 

32.7 

34.3 

34.3 

31.3 

30.8 

33.3 

33.2 

34.9 

34.9 

31.7 

31.0 

33.3 

33.2 

34.6 

34.3 

30.0 

29.4 

33.2 

33.0 

35.3 

35.2 

9  )'  Max. . . . 

\  Min .... 

30.0 

27.7 

31.0 

29.9 

33.4 

32.9 

30.0 

26.2 

31.3 

30.7 

33.8 

33.4 

29.8 

28.9 

32.9 

32.2 

34.3 

34.1 

29.8 

29.0 

32.8 

32.2 

33.9 

33.6 

29.6 

27.2 

32.7 

32.2 

35.2 

34.8 

./Max... 
\  Miip. . . . 

28.7 

27.0 

30.3 

30.0 

33.2 

33.1 

27.3 

25.0 

30.8 

30.3 

33.8 

33.5 

29.2 

28.8 

32.8 

32.7 

34.4 

34.2 

29.5 

28.8 

32.7 

32.2 

34.0 

33.7 

28.0 

27.0 

32.8 

32.8 

35.1 

35.0 

./Max.... 

i  Min .... 

2S.8 

23.3 

28.5 

27.3 

32.8 

32.4 

22.9 

19.9 

28.5 

27.8 

33.2 

33.0 

26.9 

25.8 

32.1 

31.9 

33.9 

33.8 

27.0 

26.1 

31.9 

31.8 

33.2 

33.1 

26.0 

23.1 

32.2 

31.9 

34.8 

34.4 

Q  /  Max  — 

\  Min  

24.7 

22. 1 

27.0 

25.6 

32.1 

31.8 

22.2 

18.3 

27.0 

26  0 

33.0 

32.3 

25.8 

23.9 

31.8 

31.2 

33.9 

33.1 

25.8 

24.4 

31.7 

31.1 

33.2 

32.8 

23.3 

21  0 

32.0 

31.4 

34.6 

34.3 

./Max.... 

\  Min .... 

26.9 

26.0 

28.1 

27.3 

31.8 

31.7 

25.3 

22.8 

28.8 

27.4 

32.8 

32.7 

26.7 

25.3 

31.4 

31.2 

33.7 

33.3 

26.9 

25.8 

31.1 

30.9 

33.0 

32.7 

25.1 

23.3 

31.8 

31.4 

34.6 

34.3 

of  Max.... 

\  Min .... 

27.9 

25.8 

28.6 

28.0 

31.3 

31.1 

28.0 

24.0 

29.3 

28.3 

32.2 

32.0 

27.2 

25.9 

31.1 

30.7 

33.3 

32.7 

27.0 

26.1 

30.4 

29.9 

32.8 

31.9 

28.8 

24.4 

31.4 

31.0 

34.2 

33.9 

\  Min.  . . . 

27.7 
24  1 

28.1 

26.2 

31.6 

30.9 

28.1 

21.8 

28.7 

27.0 

32.4 

31.6 

26.8 

24.8 

30.8 

30. 1 

33.2 

32.5 

26.9 

25.2 

30.3 

29.8 

32.4 

31.7 

26.3 

22.9 

31.1 

30.2 

34.0 

33.3 

(  Mm.  .  . . 

28.9 

27.2 

29.7 

28.3 

31.0 

.30.2 

29.2 

27.8 

30.0 

28.9 

31.3 

31.1 

28.0 

27.1 

30.0 

29.8 

32.0 

31.5 

28.6 

27.4 

30.0 

29.6 

31.4 

31.0 

28.2 

27.3 

30.4 

29.8 

33.3 

32.8 

j2{M«.... 
\  Mm.  .  . . 

25.8 

23.3 

27.4 

26.3 

31.0 

30.9 

24.2 

21.0 

28.0 

27.2 

32.0 

31.2 

26.1 

24.9 

30.2 

30.0 

32.8 

31.8 

26.4 

25.3 

30.0 

29.4 

31.8 

31.2 

24.0 

22.2 

30.0 

29.8 

33.7 

33.0 

I'Mm  .  . . 

25.0 

21.1 

26.3 

24.2 

30.9 

30.2 

23.3 

17.3 

26.7 

25.1 

31.2 

30.7 

24.8 

22.3 

29.9 

29.2 

32.6 

32.1 

25.0 

23.1 

29.3 

28.7 

31.8 

31.1 

23.0 

19.1 

28.8 

28.0 

33.3 

32.9 

1,  Mm. . . . 

27.7 

22.9 

27.8 

25.8 

30.4 

30.1 

28.1 

20.1 

28.2 

26.7 

31.0 

30.7 

26.1 

24.0 

29.2 

28  9 

32.4 

31  9 

26.0 

24  ,6 . 

28.8 

28.4 

31.1 

30.9 

25.9 

21.8 

28.1 

27.9 

32.9 

32  3 

"(MS-- 
( Mm .... 

29.2 

28.9 

29.8 

29.4 

30.9 

30.4 

29.8 

28.6 

30.0 

29.9 

31.2 

30.9 

28.2 

27.7 

29.8 

29.4 

31.7 

31.3 

28.2 

27.4 

29.6 

29.0 

30.9 

30.7 

28.5 

27.7 

29.3 

29.0 

32.8 

32.0 

{  Mm. . . . 

29.9 

29.0 

30.2 

29.9 

31.2 

31.0 

29.9 

28.4 

30.3 

29.9 

31.2 

31.2 

28.8 

28.3 

30.1 

30.0 

31.7 

31.4 

28.9 

28.4 

30.0 

29.8 

31.0 

30.9 

28.9 

27  9 

29.8 

29.7 

32.5 

32.0 

[  Mm .... 

29.7 

27.1 

29.9 

28.9 

31.2 

30.9 

29.8 

25.8 

30.1 

28.7 

31.3 

31.2 

28.2 

27.7 

30.0 

29.9 

31.6 

31.3 

28.9 

28.0 

30.0 

29.9 

31.1 

30.7 

28.4 

26.2 

29.9 

29.3 

32.3 

32.2 

{  Mm. . . . 

30.8 

30.2 

30.9 

30.4 

31.3 

30.9 

30.9 

30.4 

31.2 

30.8 

31.7 

31.2 

29.4 

29.0 

30.3 

29.9 

31.7 

31.4 

29.7 

29.0 

30.2 

29.4 

31.2 

30.8 

30.6 

29.8 

30.6 

29.8 

32.7 

32.2 

nix  /  Max .... 
(  Mm. . . . 

31.9 

31.3 

31.7 

31.3 

31.7 

31.2 

31.7 

31.2 

31.9 

31.3 

32.0 

31.3 

30.1 

29.8 

31.1 

30.8 

31.9 

31.3 

30.7 

30.1 

30.9 

30.6 

31.4 

31.0 

30.9 

30.3 

30.9 

30.1 

32.5 

32.2 

{  Mm. . . . 

32.4 

32.0 

32.9 

32.1 

32.3 

32.1 

32.1 

31.9 

32.5 

32.0 

32.5 

32.2 

31.1 

30.8 

31.7 

31.4 

32.8 

32.3 

31.8 

31.2 

31.7 

31.2 

32.2 

31.8 

31.7 

31.2 

31.3 

31.1 

33.1 

32.7 

^{mS:::; 

31.9 

31.8 

32.1 

31.8 

32.6 

31.7 

32.0 

31.3 

32.3 

31  7 

32.2 

31.8 

31.0 

30.3 

31.6 

31.0 

32.6 

31.9 

31.7 

31.0 

31.6 

31.0 

32.2 

31.3 

31.9 

30.9 

31.3 

30.8 

33.2 

32.4 

32.0 

32.0 

32.1 

31.9 

32.1 

32.0 

31.8 

31.7 

32.0 

32.0 

32.2 

32.1 

31.0 

31.0 

31.3 

31.3 

32.1 

32.0 

31.7 

31.6 

31.7 

31.6 

31.9 

31.8 

31.4 

31.3 

31.2 

31.1 

32.9 

32.8 

^{mS:::: 

31.9 

31.2 

32.1 

31.6 

32.1 

31.3 

31.9 

31.1 

32.2 

31.3 

32.3 

31.6 

31.1 

30.3 

31.6 

30.6 

32.2 

31.6 

31.5 

30.4 

31.7 

31.1 

32.0 

31.2 

31.8 

30.7 

31.3 

30.7 

32.9 

32.4 

2«{Mta;;:: 

31.7 
31.5 

31.8 
31.7 

31.8 
31.7 

31.4 
31.2 

31.7 
31.4 

32.0 
31.9 

30.6 
30.4 

31.2 
31.0 

31.8 
31.7 

30.7 
30.6 

31.3 
31.2 

31.7 
31.6 

31.3 
31.2 

31.1 
31.0 

32  6 
32.3 

27  {SS.;;: 

31.9 

31.3 

32.0 

31.6 

32.3 

31.6 

31.9 

31.0 

32.3 

31.2 

32.8 

31.8 

31.1 

30.1 

31.7 

30.9 

32.6 

31.7 

31.4 

30.3 

31.8 

30.9 

32.1 

31.2 

31.8 

30.8 

31.4 

30.7 

33.0 

32.9 

AO  f  Max .... 
^^IMin... 

31.9 

31.6 

32.2 

31.7 

32.0 

31. T 

31.7 

31.3 

31.9 

31.7 

32.3 

31.9 

30.7 

30.3 

31.3 

31.1 

32.0 

31.8 

31.0 

30.6 

31.4 

31.1 

31.9 

31.4 

31.3 

30  9 

31.2 

30.8 

32.7 

31.9 

(Max.. 
Ava.  Min.. 
[Diff... 

29.35 
27.77 
1.58 

30.13 
29.30 
0.83 

31.88 
31.50 
0.38 

28.97 
26.50 
2.38 

30.38 
29.58 
0.78 

32.28 
31.90 
0.38 

28.75 
27.84 
0.91 

31.13 
30.77 
0.36 

32.76 
32.32 
0.44 

29.03 
28.14 
0.89 

31.01 
30.58 
0.43 

32.20 
31.77 
;  0.43 

1 

28.48 
26.98 
1.50 

30.99 
30.56 
0.43 

33.51 
33.09 
0.42 
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TABLE  42.— MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  WITH 

SAND,  MARCH.  1913. 


Date — 
Manmum, 

roiniTnint) , 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

6* 

12' 

lO* 

8' 

ir 

18' 

6' 

12* 

18* 

6' 

12* 

18' 

6' 

ir 

18* 

j/Max.... 
MMin.... 

31.6 
81.4 

31.8 

31.6 

31.9 

31.7 

31.6 

31.2 

31.7 

31.6 

32.2 

32.0 

30.2 

30.1 

31.1 

31.0 

31.8 

31.7 

30.7 

30.4 

31.5 

31.1 

31.6 

31.4 

31.1 

30.8 

31.0 

30.7 

32.4 
32.1 

^\Min.... 

31.7 

31.4 

31.8 

31.7 

31.9 

31.8 

30.9 

30.8 

31.7 

31.6 

32.3 

32.1 

*30.0 

30.0 

31.2 

31.0 

31.8 

31.7 

30.3 

30.2 

31.2 

31.0 

31 .7 

31.4 

30.2 

30  0 

30.9 

30.8 

32.4 

32.3 

./Wax.... 

31.8 

31.7 

32.0 

31.9 

32.3 

32.1 

31.3 

31.1 

31.9 

31.6 

32.7 

32.2 

30.5 

30.4 

31.6 

31.3 

32.3 

32  1 

31.0 

30.7 

31.6 

31.4 

32.0 

31.8 

30.7 

30.4 

31.2 

31.0 

32.8 

32.6 

./Max.... 

^iMin.... 

32.2 

31.4 

32.4 

31.8 

32.8 

32.0 

31.0 

30.6 

31.9 

31.6 

32.9 

32.3 

30.3 

29.9 

31.4 

31.1 

32.2 

31.0 

30.9 

30.4 

31.6 

31.1 

31.9 

31.6 

30.3 

30.0 

31.1 

30.8 

32.7 
32.4 

af  Max.... 

®\Mm.... 

31.8 

31.8 

32.0 

31.7 

32.4 

31.9 

31.1 

30.7 

31.9 

31.4 

32.9 

32.4 

30.3 

29.9 

31.3 

31.0 

32.1 

31.7 

30.7 

30.2 

31.6 

31.1 

31.9 

31.6 

30.3 

29.8 

31.0 

30.6 

32.8 
32.4 

-/Max.... 

31.9 

31.5 

32.1 

31.9 

32.7 

32.2 

31.0 

30.4 

31.9 

31.0 

32.9 

32.6 

30.2 

29.9 

31.4 

31.1 

32.3 

32.0 

30.7 

30.2 

31.7 

31.3 

32.2 

31.8 

29.9 

29.0 

31.1 

30.8 

32.9 

32.5 

g/Max.... 

31.7 

31.3 

32.2 

31.9 

32.7 

32.4 

30.8 

30.3 

31.7 

31.3 

32.7 

32.7 

30.0 

29.8 

31.3 

31.2 

32.3 

32.0 

30.3 

30.1 

31.6 

31.2 

32.1 

31.9 

29.0 

28.9 

30.9 

30.7 

32.9 

32.7 

lo/Max.... 

31.8 

31.6 

32.1 

31.9 

32.8 

32.4 

31.8 

31.4 

32.1 

31.9 

32.7 

32.3 

30.7 

30.5 

31.3 

31  2 

32.3 

32.0 

31.3 

31  1 

31.7 

31.4 

32.0 

31.9 

31.0 

30.9 

31.1 

31.0 

32.9 

32.6 

1,/Max.... 

\Min.... 

32.0 

31.6 

32.5 

31.7 

32.9 

32.2 

32.0 

31.3 

32.3 

31.6 

32.9 

32.0 

•31.0 

30.2 

31.9 

31  0 

32.7 

31.9 

31.7 

31.1 

31.9 

31.4 

32.2 

32.0 

31.5 

31.0 

31.3 

30.9 

33.0 

32  7 

'^{SS.;;: 

32.7 

32.0 

32.8 

32.1 

33.1 

32.9 

32.2 

31.9 

32.6 

32.1 

33.1 

32.5 

31.2 

30.9 

31.9 

31.7 

32.9 

32.6 

31.8 

31.4 

32.1 

31.9 

32.7 

32.3 

31.9 

31.4 

31.7 

31.4 

3J.3 

32.9 

'^{S!!?:;;; 

32.7 

32.0 

32.9 

32.4 

33.0 

32.8 

32.0 

31.8 

32.5 

32.1 

33.0 

32.8 

31.3 

30.9 

31.8 

31.6 

32.7 

32.4 

31.9 

31.7 

32.0 

31.9 

32.7 

32.6 

31.8 

31.6 

31.5 

31.4 

33.C 

32  9 

Ij/Mix.... 

33.7 

32.3 

32.7 

32.2 

33.2 

32.7 

33.4 

32.0 

32.6 

32.0 

33.3 

32.7 

32.1 
31.4 

32.1 

31.7 

32.9 

32.2 

33.0 

32.2 

32.4 

31.9 

32.9 

32.2 

32.4 

31.9 

31.9 

31.4 

33.3 

32.9 

IjfMix.... 

32.0 

31.5 

32.6 

32.1 

33.1 

32.7 

31.8 

31.1 

32.3 

31.8 

33.2 

32.8 

31.8 

31.4 

31.9 

31  7 

32.8 

32.2 

32.3 

31.9 

32.3 

31.8 

32.7 

32.2 

32.4 

31.8 

31.8 

31.3 

33.2 

32.8 

"*(»«?:::.• 

32.7 

31  7 

32.3 

32.2 

32.8 

32.7 

33.8 

31  3 

32.1 

31.9 

32.9 

32.7 

31.6 

31.3 

31.8 

31.4 

32.3 

32.2 

32.0 
31.9 

31.9 

31.8 

32.3 

32.0 

31.9 

31.7 

31.6 

31.1 

32.9 

32.7 

"{&;;: 

44.7 

32.1 

35.9 

32.7 

33.2 

32.7 

46.0 

32.1 

36.0 

32.4 

33.2 

32.8 

35.1 

31.3 

31.8 

31.3 

32.5 

32.0 

36.1 

31.9 

32.6 

31.7 

32.9 

32.2 

32.4 

31.7 

31.9 

31.2 

33.3 

32.7 

2»{m:?:;;: 

44.7 

40.9 

39.2 

37.1 

35.4 

34.8 

45.8 

40.9 

39.4 

37.1 

35.9 

34.9 

37.5 

34.7 

32.0 

31.8 

32.8 

32.6 

39.7 

36.3 

32.7 

31.9 

32.8 

32.6 

32.3 

32.0 

31.8 

31.4 

33.1 

33.0 

2' {!!!!?.■.■;: 

37.9 

34.7 

36.6 

3G  0 

35.8 

3.5  G 

38.2 

34.8 

38.6 

35.8 

36.1 

35.6 

34.8 

32.7 

32.2 

31.0 

32.9 

32.7 

35.9 

34.0 

32.4 

32.3 

32.8 

32.7 

32.3 

32.1 

32.1 

31.8 

33.4 

33.2 

22{!5S;;:: 

35.0 

32.9 

34.2 

33.9 

34.8 

34.3 

35.7 

32.4 

34.4 

33.7 

35.1 

34.2 

32.4 

31.9 

32.2 

32.0 

33.1 

32.8 

33.9 

32.6 

32.6 

32.2 

32.9 

32.7 

32.6 

32.0 

32.1 

31.8 

33.6 

32.9 

2*{Mta;::: 

48.9 

44.2 

41.7 

37.8 

38.9 

34.7 

48.0 

44.6 

40.3 

37.1 

36.7 

34.7 

42.1 

39.8 

31.7 

31.5 

32.7 

32.0 

43.0 

40.9 

32.2 

31.9 

32.9 

32.2 

32.1 

31.8 

31.8 

31.5 

38.3 

32.9 

nr.  /  Max. . . . 

36.3 

34.3 

38.6 

36.4 

38.0 

37.2 

36.1 

34.2 

38.4 

36.4 

37.8 

37.0 

34.1 

32.2 

32.0 

31.8 

33.0 

32.8 

38.1 

33.8 

32.7 

32.6 

32.8 

32.7 

32.1 

31.9 

31.9 

31.6 

33.2 

33.1 

Qfl/Max.... 

Min.... 

33.2 

32.4 

35.7 

34.2 

36.3 

35.2 

32.9 

31.9 

35.2 

34.1 

36.2 

35.2 

31.7 

31.2 

31.9 

^1.3 

33.0 

32.6 

32.9 

32.1 

33.2 

32.7 

33.6 

32.9 

31.7 
31.6 

31.3 

31.1 

32.9 

32.8 

27{Mb;;:: 

33.3 

32.1 

34.8 

33.7 

35.8 

34.4 

32.9 

31.8 

34.7 

33.4 

35.7 

34.7 

31.8 

31.0 

31.9 

31.2 

33.3 

32.3 

32.8 

31.8 

33.3 

32.6 

33.7 

33.0 

32.1 

31.3 

31.7 

30.9 

33.3 

33.9 

33.0 

32.6 

34.2 

33.8 

35.1 

34.7 

32.7 

32.1 

34.1 

33.6 

35.0 

34.7 

3r.7 

31.2 

31.9 

31.4 

33.2 

32.7 

32.8 

32.2 

33.4 

32.9 

33.0 

33.1 

32.1 

31.3 

32.1 

30.7 

33.6 

32.8 

32.9 

32.2 

34.1 

33.2 

34.9 

34.1 

32.6 

31.7 

33.9 

33.1 

34.7 

33.8 

31.6 

30.2 

32.3 

31.7 

33.3 

32.9 

32.9 

32.5 

33.8 
33.4 

34.1 

33.6 

32.2 
31.9 

31.8 

31.7 

33.4 

33.3 

«,  f  Max.... 

44.3 

41.2 

40.2 

39.2 

37.8 

37.7 

44.7 

40.4 

39.8 

38.4 

37.2 

36.9 

41.1 

38.8 

31.3 

31.1 

33.0 

32.4 

42.3 

40.6 

37.2 

36.8 

36.0 

36.8 

32.2 

31.6 

31.4 

30.8 

33.3 
33.4 

(Max.. 
Ave.  }Min. 
[  Range 

34.98 
33.29 
1.69 

34.30 
33.41 
0.88 

34.06 
33.52 
0.54 

34.81 
32.91 
1.90 

34.08 
33.17 
0.91 

34.13 
33.54 
0.59 

32.61 
31.66 
0.95 

31.73i  32.65 
31.40  32.26 
0.33  0.39 

33.48 
32.49 
0.99 

33.45 
32.05 
0.40 

32.77 
32.38 
0.38 

31.54 
31.14 
0.40 

31.62 
31.13 
0.38 

33.08 
32.74 
.  0.34 
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TABLE  43.— MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED 

WITH  SAND.  APRIL,  1913. 


Date— 
Maxinfflm, 

minimum  - 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

ft* 

19* 

lo 

A' 

O 

lo 

6' 

12* 

18' 

A* 

19* 
12- 

18' 

R' 

19* 

12- 

18' 



Mm!?;::: 

46.7 

oo.y 

42.2 

39.0 

39.4 

OO.  1 

47.7 

37.9 

42.1 

38.5 

39.2 

38.7 

42.7 

35.0 

33.9 

34.9 

iA  <; 

04.0 

43.7 

37  8 

38.8 

9fi  9 
oo.O 

37.8 

97  7 

32.8 

32  2 

32.5 

31  6 

34.6 

33  6 

r  Max 

2{m!?:::: 

41.8 

otf.4 

40.7 

39.8 

09.0 

41.1 

38.9 

40.3 

39.6 

39.7 

38.9 

39.6 

^7  7 

37.7 

1R  St 

36.r 

9<»  7 
OO.  f 

40.2 

38  9 

39.2 

38  7 

38.2 

37  8 

32.6 

32  2 

32.2 

31  8 

33.9 

33  7 

f  Max 

»{m";::: 

51.3 

40  6 

43.0 

40.1 

09. 0 

50.8 

A/\  1 
40. 1 

42.2 

39.5 

40.0 

39.6 

47.4 

OV.V 

39.2 

38  1 

38.1 

97  ft 
of  .o 

46.5 

39  9 

39.3 

38  8 

38.4 

38  0 

33.2 

32  8 

32.0 

31  6 

34.0 

33  9 

.  f  Max 

*lMin.... 

52.9 

4/  .5 

47.2 

40.  f 

43.8 

42.0 

52.0 
47.1 

46.8 

45.2 

44.0 

41.6 

51.0 

48 .8 

43.8 

AO  A 
4Z.4 

40.5 

90  O 
Otf .  A 

50.3 

.IS  Q 
4o.  w 

44.2 

AO  K 
4.2.0 

41.4 

40  2 

35.4 

tA  A 
04.  0 

32.7 

91  7 
Ol.  f 

34.9 

34  0 

r  Max 

^\Min.... 

43.0 

42.0 
1 

41. 1 

42.8 

At  T 
41.  / 

43.1 

37.7 

42.1 

41.2 

42.9 

42.0 

41.9 

OV.£ 

43.1 

At  Q 
41  .V 

41.2 

40. 6 

41.6 

Ai\  n 

4U.U 

43.0 

11  A 
41 . 0 

42.1 

Ay  0 
41.  ^ 

33.2 

99  n 

32.3 

99  n 

34.9 

34  7 

_  f  Max 

MmS:::: 

44.2 

oO.o 

41.5 

oo.  0 

41.0 

40.0 

45.2 

36. 1 

41.6 

39.0 

40.8 

40. 1 

41.9 

36. 1 

40.1 

90  A 

39.9 

90  7 

4,., 

9A  9 
OD.O 

39.8 

39  0 

40.0 

39  4 

33.3 

33.0 

32.2 

31.8 

35.3 

9^  1 

36.1 

»  f  Max 

«{Mb:::: 

48.0 

IK.  1 
00.  1 

42.1 

38.8 

40.3 

39.6 

48.6 

35. 1 

41.4 

38.4 

40.6 

39.9 

43.3 

36.0 

39.8 

90  n 

39.8 

39.3 

«.7 

36. 1 

39.2 

9U  7 
Oo.  i 

39.6 

39.3 

33.2 

32.6 

32.1 

91  7 
01 .  / 

35.8 

9%  1 
OO.  1 

^  r  May 

•(Mto:::: 

42.1 

40.4 

to  A 
dV.  0 

40.6 

40.0 

42.2 

37.8 

40.4 

39.6 

40.4 

39.1 

39.0 

36. 6 

39.6 

9fi  O 
6a. M 

39.2 

39.0 

39.5 

97  A 
ol  .4 

39.5 

90  n 

iSV.U 

39.0 

38.9 

33.1 

32.3 

31.9 

31 .4 

35.2 

00.11 

'  Max 

«>iMta:::: 

44.9 

39.2 

41.0 

39.9 

40.2 

40.0 

44.7 

38.9 

41.0 

39.8 

40.4 

40. 1 

42.4 

37.8 

39.2 

39. 1 

39.3 

39. 1 

42.2 

38.6 

39.2 

90  f 

39.2 

39.0 

33.9 

32.8 

31.9 

31.7 

35.2 

9(k  fl 
OO.U 

"iSS?:::: 

43.2 

43.0 

42.7 

AO  0 

41.3 

41 .2 

43.1 

42.8 

42.5 
41 .9 

41.2 

41.0 

42.8 

42.2 

41.0 

40. 7 

39.8 

39.4 

42.9 

AO  A 

41.1 

A[\  0 

40.2 

40. 0 

35.4 

34.7 

32.1 

31.8 

35.9 

9(v  fl 
OO.U 

_  r  Max 

"{mS?:::: 

41.4 

Al\  1 
4U.  1 

41.2 

41 . 1 

41.1 

40.9 

41.2 

39.6 

41.1 

40.8 

41.0 

40.8 

41.0 

40.0 

41.0 

Af\  7 
4U.  / 

40.3 

40. 1 

41.0 

Af\  A 
4U.  0 

41.2 

Af\  fi 

40.7 

40.3 

34.6 

34.0 

32.2 

31.8 

35.7 

9(k  0 
00.  £ 

. .  r  Mu 

"(mS:::: 

52.4 

38.8 

45.4 

42.0 

42.6 

41 .8 

53.3 

38.2 

44.9 

41 .3 

42.2 

41.7 

48.0 

39.3 

42.0 

41,3- 

41.0 

40,7 

47.0 

39.9 

41.9 

41 . 2 

41.3 

41 .0 

35.4 

34 .7 

32.2 

31 .7 

36.3 

36. 1 

.  -  C  Max 

>-MmS:::: 

57.2 

37.5 

46.3 

42.0 

42.7 

42.0 

57.7 

37.3 

45.4 

41 .8 

42.7 

42.0 

51.8 

38.3 

42.2 

41 .9 

41.2 

41 . 1 

40.7 

39. 1 

42.1 

41 .3 

41.8 

41 ,4 

36.1 

34.9 

32.4 

32.3 

36.8 

36. 1 

f  Max 

"iSSto:;:: 

59.1 

43.0 

48.9 

44.7 

44.1 

43.3 

58.8 

42.1 

47.8 

44.1 

43.9 

43.0 

63.8 

42.2 

43.4 

42.9 

41.8 

41.1 

52.3 

42.8 

43.7 

42.9 

42.2 

41.9 

37.3 

36.0 

32.3 

32.1 

37.0 

36.3 

"(5JS:::: 

61.2 

42.9 

50.5 

46.1 

45.7 

44^8 

60.3 

41.7 

48.8 

45.0 

45.0 
44  4 

55.9 

42.1 

44.7 

44.3 

43.0 

42.9 

54.3 

43.6 

45.0 

44.3 

43.7 

43.1 

38.0 

36.7 

32.7 

32  4 

37.7 

37.0 

"{mS:::: 

63.2 

50.0 

53.9 

49.2 

47.2 

46.2 

62.2 

49.0 

51.8 

48.3 

46.6 

46.0 

58.6 

48.3 

46.9 

46.1 

44.0 

43.6 

57.2 

49  0 

47.3 

46.4 

44.8 

44.7 

40.7 

39.2 

32.8 

32.7 

37.6 

37.0 

"  I  Min. . . . 

56.3 

46.0 

51.2 

48.6 

48.6 

47.7 

55.8 

45.0 

50.2 

48.0 

47.9 

47.1 

52.9 

45.9 

46.3 

47.4 

45.1 

45.0 

52.6 

47.3 

48.9 

47.4 

46.7 

46.1 

40.9 

40.1 

33.2 

33.0 

38.8 

37.0 

IM«  ... 

\  Min  

53.9 

41.0 

48.0 
45.1 

46.8 

45.7 

53.2 

40.1 

47.3 

44.9 

46.1 

45.3 

50.6 

40.7 

46.0 

45.4 

45.0 

44  9 

49.8 

42.0 

46.3 

45  4 

40.4 

45.9 

44.9 

41.7 

40.3 

40.0 

38  4 

41.7 

41  2 

22{mS;::: 

61.4 

47.9 

51.6 

47.7 

47.0 

46  0 

6Q.7 

47.2 

50.3 

AT  1 
4/  .  1 

46.6 

45.9 

57.4 

46. 2 

46.8 

AK  a 
40.  y 

45.0 

AA  A 
44 . 4 

56.1 

46. 6 

46.5 

45  8 

46.4 

45 . 0 

50.2 

43 . 3 

42.0 

41  8 

42.8 

42  0 

f  Mm 

^^iMin.;:: 

68.3 

54.3 

56.9 

52.3 

50.3 

48.9 

68.9 

53.3 

56.0 

51.0 

49.8 

48.0 

63.9 

53.6 

50.9 

48.8 

46.8 

45.7 

62.3 

53.3 

50.9 

48.9 

48.4 

46.8 

53.7 

50.0 

46.0 

44.0 

44.4 

43.7 

«{R::; 

68.1 

54.9 

58.7 

54.6 

51.8 

50.9 

68.0 

53.9 

57.4 

53.1 

51.2 

50.0 

64.8 

54.3 

52.2 

51.4 

48.1 

47.9 

63.2 

54.1 

52.4 

51.8 

49.4 

49.1 

56.4 

63.3 

47.8 

47.0 

45.6 

45.0 

«{R::; 

56.7 

58.0 

56.8 

56.0 

53.5 

53.0 

58.4 

57.3 

56.2 

55.1 

52.8 

52.6 

57.9 

57.1 

54.1 

54.0 

50.3 

49.5 

58.0 

57.0 

54.3 

54.0 

52.1 

51.1 

56.1 

45  4 

50.7 

49.8 

47.9 

46.4 

^•{SS:::: 

50.6 

49.4 

52.7 

50.2 

52.3 

40.8 

50.4 

49.1 

52.2 

49.6 

51.7 

49.4 

51.0 

49.9 

53.0 

50.6 

50.6 

49.2 

51.7 

50.1 

53.1 

50.6 

51.9 

49.9 

53.6 

51.1 

51.0 

49.9 

48.7 

47.8 

»{5fe::;; 

50.8 

42.0 

47.0 

45.0 

46.6 

46.4 

52.2 

41.8 

47.1 

44.8 

46.5 

46.4 

49.6 

43.0 

47.0 

46.6 

48.0 

46.7 

48.7 

43.6 

46.8 

46.4 

47.3 

46.8 

47.0 

45.8 

48.3 

48.0 

48.6 

48.4 

og/Max.... 

58.6 

41.2 

49.6 

45.2 

46.6 

46.0 

60.0 

40.8 

49.6 

45.4 

46.9 

46.2 

54.3 

41.8 

46.9 

46.1 

46.8 

46.2 

52.2 

42.5 

46.6 

46.0 

46.9 

46.2 

48.5 

45.6 

47.9 

47.3 

48.2 

47.6 

3o{S!S?:::: 

66.9 

45.6 

54.0 

48.2 

48.6 

47.8 

66.4 

44.6 

53.5 

48.0 

48.5 

47.6 

60.7 

45.2 

48.5 

47.6 

46.9 

46.5 

58.2 

45.6 

46.0 

47.3 

47.1 

47.0 

51.9 

47.8 

47.7 

47.5 

47.6 

47.5 

[Max.. 
Avt.]  Min.. 

63.28 
43.39 
9.89 

47.52 
44.77 
2.75 

44.80 
43.98 
0.82 

53.31 
42.86 
10.45 

46.92 
44.27 
2.65 

44.56 
43.75 
0.81 

50.16 
42.93 
7.23 

44.28 
43.44 
0.84 

42.82 
42.30 
0.52 

49.42 
43.60 
5.82 

44.55 
43.73 
0.82 

43.52 
42.95 
0.57 

40.70 
38.78 

37.35 
36.80 
0.56 

39.43 
38.82 
0.61 

~  ■  E>tgTtfzect-j 
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EXPERIMENT  STATION  BULLETIN. 


TABLE  44.— MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED 

WITH  SAND,  MAY,  1913. 


Date— 
Maumum, 
miiumum. 


Gravel. 


Sand. 


12*  18* 


\r  1  18* 


Loam. 


ir  18' 


Clay. 


t  ir  1  18* 


Peat. 


10 


12 


13 


Ave.  I 


Max.. 
Min.. 
Range 


[Max.... 

\  Min. . .. 

70.4 

51.6 

57.6 

52.5 

;  Max.... 

1  Min. . . . 

73.7 

55.0 

60.9 

55.9 

(Max..... 

\Min.... 

72.0 

59.5 

62.5 

69.0 

/Max.... 

\Min.... 

70.9 

64.4 

63.3 

62.0 

f  Max.... 

\Min.... 

88.0 

59.6 

62.1 

59.9 

(Max.... 

\Min.... 

68.9 

50.7 

60.0 

56.0 

/Max.... 

\Min.... 

66.2 

53.0 

58.7 

55.8 

[Max.... 

\  Min. . .. 

64.0 

48.0 

57.1 

53.1 

(Max.... 

\Min.... 

61.4 

52.0 

57.2 

54.9 

fMax  ... 

\Min.... 

65.5 

53.4 

60.1 

55.0 

/Max.... 

\  Min. . . . 

60.5 

54.9 

57.7 

55.9 

/  Max. . . . 

\Min.... 

63.2 

52.8 

59.1 

54.4 

/Max.... 

\  Min .... 

65.2 

55.5 

59.2 

56.1 

(Max.... 

\Min.... 

64.7 

53.8 

60.1 

55.9 

(Max.... 

[  Min. .  . 

70.0 

52.5 

62.9 

55  5 

(Max 

\  Min.  .  .  . 

62.4 

58.6 

60.1 

59.3 

i  Max ... 

(Min  

65.5 

56.1 

60.8 

57.1 

/Max.... 

\Min.... 

59.8 

58.1 

50.3 

58.3 

f  Max. . . . 

\  Min. . . . 

58.2 

53.3 

57.0 

55.0 

f  Max.... 

1  Min  

67.1 

53.4 

61.6 

54.0 

Max  ... 

53.7 

53.5 

26 

n^fMax.... 

27  \  Min.... 

nc/Max.... 

Min.... 


49.7 
66.2 

50.0 

74.1 

54.0 

68.0  . 

60  .7  I 

64.8  I 

56.7 

71.9 

58.1 


60.8 

50.9 


53.5 

52.8 


56.7  71.0 

55.0  58.2 


56.6 

52.0 


59.5 

55.2 


62.1 

60.9 


52.9 

52.2 


61.4  54.9 

67.9  54.3 


58.4  '  60.0  61.7 

57.8    58.5  ,  58.9 


57.4 

56.0 


69.2  I  59.2 

49.3  I  55.4 


56.7  :  66.0  <  58.1 

55.6    51.8  ,  55.2 


55.5 

53.6 


64.0  I 
46.4  I 


56.5 

52.5 


55.9  ,  60.7  I  56.5 

54.5  I  51.2  54.3 


66.01 
54.88 
11.13 


53.0 

58.1 

52.0 

64.1 

55.7 

63.0 

61.2 

59.9 

58.2 

63.5 

58.7 


56.4 

55.6 


56.6 

54.6 


57.0 

56.2 


57.8 

55  9 


59.0 

58.4 


58.3 

56.9 


58.8 

58.0 


58.0 

55.1 


55.7 

53.0 


59.2 

5«.2 

60.0 

58.2 


80.02  57.17 
56.35  55.72 
3.67  1.45 


64.8  , 

52.5 


62.2 

54.0  ' 


68.0 

55.2 


66.2 

53  3 


70.0  ; 

51.1  I 


53.4  I 

48.5  ; 

67.7 

49.9 

74.4 

53.3 

68.0  , 

59  .7  I 

65.0 

55.4  , 


66.32 
53.97 
12.35 


60.0  , 

56.0 


62.6 

55.3 


69.6 

58.6 


59. 0  , 

58  .0  , 


53.2 

52.4 

60.0 

51.7 


62.6  I 


57.5 

66.9 


56.9 

55.6 


56.2 

65.1 


55.4 

53.7 


55.1 

64.0 


55.2 

54.0 


55.6 

54.2 


57.1 

55.4 


57.0 

56.1 


58.0 

57.1 


59.77, 
55.83 
3.94! 


64.6 

50.7 


60.4 

49.2 


59.4 

53.1 


67.0  I 

53.1  I 


61.0  ' 

58.6 


57.9 

54.3 


63.0  I 

51.0  ; 


57.7 

55.5 

60.4 

59.4 


48.0 

47.7 

49.8 

49.2 

51.6 

51.1 

54.5 

54.2 

65.4 

55.1 

55.7 

66.1 

55.0 

64.6 

55.0 

53.9 

54.1 

53.7 

53.9 

53.6 

54.4 

54.2 

54.4 

53.9 

54.8 

54.4 

54.9 

54.7 

55.4  1 

64.8 


50.8  48.7 

49.9  48.6 


53.6 

62.9 


51.1 

60.6 


56.2  I  53.4 

55.6  53.0 


62.5 

50.8 


65.7 

65.0 


66.6 

58.4 


66.8 

63.1 


65.4 

60.9 


63.5 

53.6 


61.8 

53.6 


58.3 

48.9 


58.0 

52.0 


62.6  56.3  54.1 

53.7  54.4  I  54.0 

59.1    56.6  55.0 

55.9    65.9  54.7 

62.6  !  56.9  55.0 

53  4    54.9  54.5 


59.1 

58.9 


69.5 

59.0 


58.3 

56.8 


57.1 

56.8 


56.4 

56.0 


57.0 

56.7 


57.0 

56.8 


55.9 

55.0 


55.0  55.5 

53.3  53.9 


55.2  54.4 

64.1  ,  53.8 


62.9 

56  6 


61.9 

54.3 


57.4 

56.5 


55.6 

55.3 


57.6  55.9 

56.1  55.4 


64.0  I  57.3 

51  4  54.8 


55.9  I  58.5 

55.7  I  56.7 


55.9 

55.1 


57.9  56.3 

57.2  56.0 


55.9 

55.4 

56.1 

56.0 

56.0 

55  .2  ! 

55.0 

54.5 

55.5 

M.4 

53.8 

53.1 

54.2  ! 

54.0 

56.4 

55.9 

57.0 

56.7 

57.0  I 

56.7 


58.9 

57.9 


57.6 

55.9 

I 

58.7  i 

58.0  ; 

56.1 

55.5 

67.5 

56.0 

54.9 

53.6 

55.2 

52.9 

58.2 

55.0 

60.0 

58.7  I 

59.0  I 

68.1 

60.0 

58  5 


56.0 

56.5 

56.8 

56.7 

56.2 

55.4 

5.53 

54.8 

55.6 

54.5 

53.8 

I  53.4 

,  54.8 

j  54.6 

!  57.2 

I  56  .9 

57.7 

57.1 

57.5 

57.3 


54.60 
54.15 
0.45' 


31 !  57.00|  55.31 
91  55.661  54.79 


55.0 

51.8  , 


58.3 

55.1 


60.6  I 

68.0 


62.7 

61.5 


63.0  I  57.2 

61.4  '  56.9 


61.1 

68.1 


59.0  I 

67.1 


56.7  57 

53.5  55 

56.4    54.7  54.3 

53.7  ,  54.3  54.0 

58.3    54.3  53.9 

54.2  I  54.0  53.6 

58.0  !  54.6  53.8 

56  1    54.7  53.7 

Se.8    55.1  54.2 

65.9    55.0  64.0 


60.3 

57.7 


60.8 

67.5 

61.6  56.9  I  56.5 

56  .3  56  2  I  55  4 

59.4  57.0  55.5 

58  6  56  8  55.5 

60.2  ;  56.8  56.7 

67  0  56.5  55.5 


60.3 

59  6 

58.0  ! 
56  6 

61.5 

56.3 

56.3 

54.1 

58.8  ! 

53.5 

62.5 

56.7 

62.5 

60.7 

60.6  ' 

59.1 

63.8 

59  .9  I 


58.73  5S.85 
66.92,  55.38 


40    1.34!    0.62L  2.81    0.47  0.26 
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TABLE  45.— MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED 

WITH  SAND,  JUNE,  1913. 


Dat6~* 
Maximum. 

Gravel. ' 

Sand. 

Loam. 

Clay. 

Peat 

minimum. 

8' 

12* 

18' 

6' 

12* 

18* 

8* 

12* 

18' 

6' 

12' 

18' 

6' 

ir 

18' 

78.5 

59.5 

69.4 

62.1 

64.5 

61.5 

78.2 

58.4 

68.9 

61.9 

62.1 

60.5 

74.8 

60.4 

63.4 

61.5 

68.9 

58.8 

71.7 

58.5 

63.1 

60.6 

60.0 

59.5 

67.5 

62.3 

60.2 

60.0 

57.8 

57.0 

,/Max.... 
"^iMin.... 

78.1 

M.l 

70.9 

64.8 

66.3 

63.7 

77.5 

63.2 

60.9 

64.0 

63.5 

62.1 

75.8 

64.2 

65.5 

63.7 

60.4 

60.1 

73.5 

62.2 

65.1 

62.6 

61.0 

61.0 

68.8 
64.5 

61.3 

61.1 

58.7 

58.4 

,/Max.... 

*\Min.... 

77.9 

61.3 

70.2 
64.2 

66.0 

63.7 

77.0 

59.8 

69.0 

63.6 

63.5 

62.2 

75.8 

62.5 

65.5 

64.0 

61.8 

61.4 

73.0 

60.2 

64.9 

62.6 

62.4 

61.6 

68.4 

63.9 

62.4 

62.0 

60.5 
60.4 

.(Mm.... 

^\Min.... 

78.2 

62.2 

70.4 

64.5 

66.2 

64.0 

77.0 

60.9 

69.1 

63.7 

63.7 

62.5 

78.1 

63.4 

66.0 
64.5 

62.2 

61.9 

73.6 
61.2 

65.3 

63.1 

62.7 
62.1 

68.3 

64.4 

62.8 

62.4 

61.3 

61.1 

-/Max.... 
^\Min.... 

80.8 

66.8 

72.9 

66.7 

68.3 

65.7 

79.5 

66.2 

71.8 

66.0 

65.4 

63.9 

78.6 

67.0 

68.0 

66.0 

62.7 

62.6 

77.1 

65.1 

67.7 

65.1 

83.3 

63.0 

70.7 

66.5 

63.4 

63.2 

61.9 

61.5 

7/  Max.... 

'\  Min.... 

65.0 

63.4 

67.3 

64.9 

67.5 

64.6 

64.5 

61.5 

66.3 

&3.8 

66.0 

63.5 

66.6 

65.0 

68.5 

65.7 

63.9 

63.5 

65.1 

64.4 

67.5 

64.9 

64.9 

64.0 

68.0 

66.0 

64.5 

64.2 

62.6 

62.3 

0  fMax  .. 

70.6 

53.0 

64.3 

57.9 

81.4 

58.7 

70.6 

50.9 

63.8 

57.0 

50.8 

58.4 

68.9 

55.1 

61.5 

59.9 

60.7 

59.5 

67.5 

53.2 

60.8 

54.4 

81.6 

59.1 

63.1 

58.7 

62.2 

61.0 

62.1 

61.0 

^"\Min.... 

75.5 

54.8 

66.9 

58.9 

62.8 

59.5 

74.9 

52.9 

66.3 

58.1 

60.8 

58.8 

73.0 

56.6 

62.5 

60.r 

60.0 

69.3 

71.6 

54.5 

62.2 

58.6 

60.0 

59.3 

64.9 

59.4 

61.2 

60.4 

60.9 

60.1 

,,/Max.... 

77.7 

58.9 

69.0 

62.0 

64.7 

61.8 

76.6 

57.3 

67.9 

61.3 

62.4 

60.8 

74.9 

60.2 

64.0 

62.2 

60.5 

60.2 

73.7 

58.2 

64.0 

61.0 

60.9 

60.6 

66.2 

61.7 

61.2 

60.8 

60.0 

59.8 

»2{S!??.;:: 

79.0 

60.8 

70.5 

63.5 

66.1 

63.2 

77.4 

59.0 

68.0 

62.7 

63.4 

61.9 

76.4 

62.0 

65.5 

63.5 

61.5 

61.4 

75.4 

60.0 

65.4 

62  5 

62.0 

61.7 

67.5 

62.7 

61.6 

61.5 

60.2 

60.1 

,,/Max.... 

Min.... 

81.1 

63.2 

72.3 
65.1 

67.6 

64.7 

79.2 

62.4 

70.7 

64.3 

64.7 

63.2 

78.6 

64.1 

67.0 

65.0 

62.6 

62.5 

77.8 

62.6 

67.2 

64.0 

63.2 

62.9 

69.1 

64.1 

62.5 

62.3 

60.9 

60.6 

84.9 

65.4 

74.8 

67.0 

60.2 

66.5 

82.8 

63.9 

72.7 

66.2 

66.0 

64.5 

81.6 

66.5 

68.9 

66.7 

63.6 

63  5 

81.1 

64.8 

69.1 

66.0 

64.5 

64.2 

71.2 

65.8 

63.5 

63.4 

61.5 

61.2 

00.4 

73.1 

80.3 

73.0 

74.5 

71.3 

86.0 

71.1 

77.6 

71.7 

70.0 

68.6 

87.3 

73.6 

73.9 

71.6 

67.0 

60.8 

86.8 

72  4 

74.6 

71.2 

68.4 

68.1 

76.6 

71.3 

67.1 

66.7. 

64.1 

63.5 

87.6 

72.9 

79.6 

73.9 

74.8 

72  5 

87.5 

70.8 

78.9 

72.4 

71.2 

69.7 

85.9 

74.4 

74.8 

73.2 

66.6 

68.6 

84.3 

73.4 

75.0 

72  8 

70.1 

69.9 

78.5 

73.4 

69.1 

68  6 

65.6 

65.1 

87.4 

71.0 

78.7 

73.2 

74.2 

72.0 

88.6 

69.9 

77.7 

72.1 

71.2 

70.0 

85.4 

73.1 

74.5 

73.1 

69.5 

69.1 

83.7 

70.9 

74.1 

71.8 

70.7 

69.9 

77.9 

73.5 

70.2 

70.1 

67.0 

66.5 

83.0 

73.2 

77.8 

74.0 

74.4 

72.9 

81.5 

72.2 

76.6 

72.9 

71.7 

70.6 

82.4 

74.7 

75.0 

73.9 

70.0 

69.6 

80.9 

72.5 

74.4 

72.4 

70.8 

70.4 

77.8 

74.3 

71.1 

70.9 

67.9 

67.6 

^{^.::: 

78.1 

70.8 

74.4 

72.4 

72.6 

71.6 

78.0 

60.2 

73.6 

71.0 

70.7 

69.8 

77.3 

72.6 

74.0 

73.4 

70.2 

69.6 

76.0 

71.9 

72.9 

71.9 

70.8 

70.0 

75.7 

73.9 

71.7 
71.2 

68.6 

68.4 

73.1 

69.0 

70.9 

69.5 

70.5 

69.5 

74.1 

68.1 

70.1 

68.5 

68.6 

68.3 

73.2 

70.7 

72.0 

70  8 

69.4 

68  5 

72.7 

70.0 

70.9 

70.1 

69.7 

68.8 

72.6 

71.8 

71.3 

70.7 

68.8 

68.6 

85.9 

66.6 

76.1 

68.8 

71.2 

66.5 

85.0 

65.7 

75.6 

68.2 

69.0 

67.6 

82.5 

68.0 

71.0 

69.4 

67.6 

67.0 

80.4 

66.2 

70.5 

68.0 

67.9 

07.2 

75.4 

69  9 

69.6 

69.1 

67.9 

67.6 

2, /  Max... 

86.1 

71.0 

77.6 

71.6 

73.1 

70.9 

83.6 

69  7 

76.0 

70.8 

70.6 

60.4 

83.6 

71.4 

72.8 

71  3 

68.7 

68  1 

81.7 

69.4 

72.2 

69  9 

68.9 

68  5 

76.6 

71.8 

70.0 

69.6 

68.2 

67.9 

2-^1  Min  

87.0 

74.7 

79.4 

74.5 

75.2 

72.9 

84.5 

73.0 

78.4 

73.5 

72.4 

71.1 

84.9 

75.1 

75.0 

73.5 

69.(^ 

69.4 

83.5 

73.4 

74.6 

72.4 

70.1 

70.0 

78.2 

74.6 

70.9. 

70.7 

68.8 

68.1 

\  Mm .  •  •  - 

88.8 

76.0 

80.5 

75.4 

76.4 

74.3 

84.7 

74.6 

78.5 

74.6 

73.4 

72.2 

86.3 

76.5 

76.2 

74.8 

71.3 

70  6 

83.0 

74  9 

75.9 

74.0 

71.5 

71.2 

79.7 

75.8 

72.1 

72.0 

60.0 

68.8 

/Max.... 

2'  \  Min  

92.1 

77.8 

83.8 

77.2 

78.8 

75.9 

90.0 

76.5 

82.2 

76.1 

75.2 

73.6 

90.1 

78.0 

78.4 

76.4 

72.0 

71  8 

88.4 

76.6 

78.4 

75.6 

73.0 

72.7 

82.0 

77.4 

73.6 

73.3 

70.2 

69.7 

^/Max.... 

2«\Mm  

95.5 

79.6 

85.1 

79.0 

80.1 

77.7 

92.0 

78.2 

83.5 

77.9 

76.2 

75.0 

03.0 

79.9 

80.0 

78.1 

73.4 

73.3 

91.4 

78.2 

79.8 

77.3 

74.4 

73.1 

83.3 

78.7 

74.9 

74.6 

71.3 

70.8 

3o{l!!}!?;::: 

92.0 

79.5 

84.9 

80.3 

80.6 

76.4 

89.5 

77.9 

82.7 

78.5 

77.5 

76.6 

90.7 

80.5 

81.0 

79  !) 

75.8 

75.4 

89.0 

78.3 

80.4 

78.5 

76.6 

76.1 

83.1 

79.8 

77.4 

77.0 

73.5 

73.4 

fMax.. 
Ave  J  Mlfi-- 
(Ranfle 

82.17 
67.54 
14.63 

74.71 
68.98 
5.73 

70.68 
68.16 
2.52 

80.80 
66.13 
14.67 

73.54 
68.03 
5.51 

67.96 
66.59 
1.37 

80.15 
68.62 
11.53 

70.60 
68.89 
1.71 

66.07 
€5.70 
0.37 

78.50 
66.92 
11.67 

70.24 
67.65 
2.59 

66.78 
66.20 
0.58 

73.24 
69.05 
4.19 

67.03 
66.67 
0.36 

64.77 
64.38 
0.39 
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TABLE  46.— MAXIM ITM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED 

WITH  SAND,  JULY.  1918. 


Date— 
Maximum, 

Gravel. 

Sand. 

Loam. 

Clay. 

Rett. 

nununuTn. 

6' 

12' 

18* 

6' 

12* 

18' 

6' 

12' 

18' 

6' 

12* 

18* 

6' 

12' 

18* 

<  [Max.... 

\  Min  

88.5 

78.2 

82.5 

79.1 

79.5 

78.1 

86.7 

77.0 

81.1 

77.7 

77.0 

76.1 

87.4 

79.8 

80.4 

79.6 

75.9 

75.4 

85.6 

78.1 

79.4 

78.3 

76.7 

75.9 

82.0 

79.9 

77.7 

77.4 

74.4 

74.0 

n  '  Max .... 
\  Min. . . 

91.9 

76.3 

84.4 

77.8 

80.1 

77.0 

89.3 

74.9 

82.5 

76.8 

76.6 

75.4 

90.6 

77.6 

80.4 

78.3 

75.7 

74.9 

88.4 

76.4 

79.8 

76.9 

76.0 

75.2 

82.9 

78.3 

77.4 

76.9 

74.5 

74.1 

»  f  Max  

^  \  Min  

94.1 

78.0 

84.9 

79.4 

80.4 

78.0 

90.1 

76  4 

82.4 

77.6 

77.1 

76.1 

91.6 

79.2 

80.5 

79.2 

75.9 

75.5 

90.1 

77.0 

80.1 

77. ^ 

76.4 

75.9 

82.9 

79.0 

77.6 

77.1 

74.8 

74  2 

./Max.... 

\  Min  

88.6 

81.6 

85.0 

81.2 

81.8 

79  8 

85.6 

80.1 

83.0 

80.0 

78.4 

77.5 

88.7 

82.3 

82.2 

80.6 

78.5 

76.4 

88.9 

80.4 

81.6 

79.5 

77.1 

76.9 

83.9 

80.6 

77.9 

77.7 

74.7 

74.5 

.  f  Max.  .. 

\  Min  

81.0 

78.1 

78.9 

77.9 

79.2 

77.7 

79.5 

76.5 

77.9 

77.0 

77.1 

75.9 

81.1 

79.2 

80.5 

79.0 

76.9 

75.9 

80.5 

78.4 

79,2 

78.2 

77.3 

76.3 

79.8 

79.0 

78.2 

77.7 

75.1 

75  0 

7  (Max.... 

\  Min  

82.2 

63.7 

74.8 

68.6 

72.1 

69.9 

81.1 

61.1 

74.2 

67.3 

71.0 

69.6 

79.6 

66.1 

73.0 

71.5 

72.9 

71.2 

77.6 
64.1 

71.3 

60.6 

72.5 

70.8 

74.6 

69.5 

75.1 

73.4 

74.1 

73.3 

o  ^  Max. . . . 

° ;  Min  

77.7 

67.8 

75.1 

70.5 

73.1 

70.9 

76.7 

65.9 

74.5 

69.8 

71.6 

70.0 

77.6 

68.9 

73.4 

71.7 

71.2 

70.6 

75.5 

66.9 

72.3 

69.9 

71.1 

70.4 

74.8 

70.5 

73.1 

72.2 

72.4 

71.7 

Q  f  Max... 

"  I  Min  

84.9 

68.9 

76.9 

70.5 

73.3 

70.4 

83.5 

67.5 

76.5 

69.8 

71.3 

69.9 

82.3 

70.0 

73.1 

71.4 

70.7 

70.1 

80.6 

68.6 

72.5 

70.1 

70.6 

70.1 

76.1 

71.2 

72.1 

71.7 

71 .2 

70.9 

10  s  — 
*  \  Mm  

65.4 

67.9 

77.0 
71.4 

73.5 

71.0 

80.7 

66.0 

76.3 

70.5 

71.8 

70.6 

83.1 

69.5 

73.5 

72.0 

71.0 

70.5 

81.2 

67.1 

72.5 

70.4 

71.1 

71.4 

75.7 

71.3 

72.1 

71.7 

70.7 

70  6 

,,  f  Max  

*^\Min.... 

84.7 

68.3 

77.2 

71.7 

73.9 

71.2 

83.2 

66.3 

76.1 

70.7 

72.0 

70.8 

82.8 

70.0 

73.9 

72.5 

71.1 

70.6 

81.0 

67.6 

73.0 

70.7 

71.6 

70.9 

75.4 

71.1 

72.d 

71.6 

70.5 

70.4 

{  Maw 

« n  '  max .... 
*^\Min.... 

81.9 

73.1 

76.5 

73.7 

74.1 

73.0 

81.6 

70.8 

76.1 

72.9 

72.6 

71.9 

80.2 

74.3 

74.5 

73.9 

71.4 

71.2 

78.6 

72.5 

73.4 

72.4 

71.5 
71.4 

75.3 

73.1 

72.0 
71.9 

70.5 

70.4 

,4  f  Max.... 

87.6 

71.2 

79.5 

73  7 

75.4 

72.1 

85.8 

69.5 

78.4 

72.8 

73.1 

72.0 

84.8 

72.1 

75.1 

73.6 

71.7 

71.4 

83.2 

70.5 

74.4 

72.2 

72.1 

71.6 

76.8 

72.4 

72.5 

72  0 

70.7 

70  6 

fMax... 

^^\Min... 

89.1 

73.0 

80.0 

74.7 

78.1 

74.4 

86.0 

71.0 

79.1 

73.7 

74.1 

■72.9 

85.8 

74.5 

76.0 

74.8 

72.3 

72.1 

84.4 

72.9 

75.4 

73.6 

72.9 

72.5 

78.4 

73.8 

72.9 

72.7 

70.9 

70.8 

[  Min .... 

86.0 

74.9 

79.9 

75.9 

76.7 

75.2 

84.0 

72.0 

78.8 

75.0 

74.8 

74.0 

84.5 

75.7 

76.8 

75.4 

73.0 

72.9 

83.1 

73.7 

76.0 

74.4 

73.6 

73.2 

78.2 

75.5 

n.8 

73.6 

71.5 

71.2 

,7  f  Max  ... 

^^Min.... 

78.3 

73.0 

75.3 

74. 1 

75.3 

74.3 

78.0 

70.5 

74.9 

73. 1 

74.3 

73.4 

77.7 

74.2 

76.2 

76.1 

73.7 

72.9 

77.5 

73.8 

75.1 

74.3 

73.8 

73.1 

75.7 

73.6 

74.0 

73.6 

72.1 

71.9 

m  '  Max  

Min.... 

85.6 

71  5 

78.2 

72.9 

75.0 

72.8 

87.2 

70.4 

79.3 

72.3 

73.7 

72.2 

82.1 

73.0 

74.5 

74.0 

72.4 

71.9 

80.0 

72.4 

74.5 

73.1 

72.8 

72.4 

78.2 

74.2 

73.0 

73.5 

72.1 

72.0 

,o  '  Max.... 

86.1 

71 .3 

79.1 

73  S 

75.8 

73.7 

86.0 

70.0 

79.0 

73.6 

74.1 

73.0 

82.8 

72.3 

75.0 

74.0 

72.3 

72.0 

80.9 

71.0 

74.5 

72.9 

73.0 

72.3 

76.9 

73.6 

74.1 

73.5 

72.1 

72.0 

„,  ',  Max. . . 

^MMin.... 

86.4 

68.5 

78.5 

72. 1 

74.8 

72.4 

84.9 

66.6 

77.6 

71  3 

73.0 

71.7 

83.3 

69.9 

74.4 

73.0 

72.4 

71.5 

81.2 

68.0 

73.5 

71.4 

72.5 

71.5 

77.0 

71.4 

73.2 

72.3 

71.7 

71  6 

22\Mb;.".'; 

84.0 

68-8 

77.5 

72.4 

74.6 

72.6 

82.8 

66.5 

75.7 

71.2 

73.1 

71.7 

81.4 

70.0 

74.6 

73.0 

72.4 

71.6 

79.7 

67.7 

73.0 

71.1 

72.5 

71.3 

75.5 

71.0 

73.0 

72.1 

71.5 

71.2 

n, /Max.... 

^MMin.... 

71.9 

70  8 

73.6 

71  7 

74.1 

,2.1 

70.5 

72.4 

71  n 

73.0 

71  A 

72.3 

71  K 
(1.0 

74.4 

72.6 

71.9 

71 .4 

70.5 

70. 1 

72.8 

71 . 1 

72.0 

71 . 1 

72.6 

71 .5 

72.5 

71.9 

71.1 

71 .0 

24   M**  ■  • 

-*  ;  Mm.  . . . 

77.8 

6.'>,5 

73.5 

6S.1 

71.3 

69.1 

77.0 

63.9 

73.3 

67.0 

70.0 

68.8 

77.0 

66.6 

71.1 

69.9 

70.6 

69.5 

75.4 

65.7 

70.5 

68.6 

70.4 
69.4 

73,4 

68.7 

71.3 

70.5 

70.8 

70.4 

1  Max  

'^■'l  Min.... 

82.0 

64.0 

74.5 

6H.1 

71.3 

08.8 

81.2 

61.9 

72.5 

67.8 

69.9 

68.6 

79.7 

65.7 

71.0 

69.5 

60.8 

69.0 

78.1 

64.0 

70.5 

68.1 

68.8 

69.0 

73.8 

68.5 

70.8 

70.0 

70.1 

09  9 

no  '  Max .... 
26lMin.... 

87.0 

70  4 

78.0 

71.6 

74.0 

71.6 

85.0 

68.5 

75.6 

70.1 

71.6 

70.5 

83.9 

70.9 

73.1 

71.5 

69.8 

69.7 

82.6 

69.3 

72.9 

70.5 

70.0 

69.7 

76.5 

71.2 

70.6 

70  5 

60.6 

00.5 

98  f  Max  

^^•■.Min.... 

86.8 

73.0 

79.6 

74.5 

76.1 

74.3 

87.5 

69.1 

80.0 

73.4 

74.1 

72.8 

84.1 

74.3 

75.9 

74.6 

72.1 

72.0 

82.8 

73.6 

75.8 

74.0 

73.0 

72.6 

80.4 

74.9 

73.1 

72  9 

70.8 

70.5 

OQ  f  Max. . . 

^LiMin.... 

89.9 

74.5 

80.6 

75.8 

76.9 

75.2 

89.1 

72.7 

80.4 

75  2 

74.8 

74.0 

85.6 

75.6 

76.5 

75.6 

73.0 

72.7 

84.5 

74.6 

76.2 

74.8 

73.8 

73.4 

80.5 

76.7 

74.4 

74.2 

71.8 

71  5 

30  f  Max.... 

'^"iMin.... 

93.9 

76.0 

84.0 

7S.0 

79.4 

77.1 

92.0 

74.3 

83.4 

77.0 

76.7 

75.2 

89.9 

77.5 

78.5 

77.1 

73.9 

73.9 

88.9 

75.9 

78.6 

76.1 

74.6 

74.5 

83.5 

78.1 

75.5 
75.4 

72.0 

72.4 

/  Max.... 

86.0 

77.2 

81.9 

79.4 

79.6 

78  3 

83.5 

74  2 

81.1 

78  1 

77.6 

76.4 

84.4 

78  2 

79.5 

78  4 

75.1 

75.0 

83.0 

76  5 

78.6 

77,4 

76.2 

-75.8 

81.2 

78.9 

76.9 

76.6 

73.8 

73.5 

[Max. 
Ave.  -1  Min . . 
[  Range 

85.15 
72.08 
13.07 

78.77  75.83 
74.02  73.74 
4.75I  2.09 

83.65 
70.10 
13.55 

77.85 
73.06 
4.79 

73.87 
72.68 
1.19 

83.12 
73.29 
9.83 

75.85 
74.51 
1.34 

72.80 
72.29 
0.51 

81.55 
71.69 
9.86 

75.09 
73.24 
1.85 

73.14 
72.50 
0.64 

77.85 
73.88 
8.87 

73.69 
73.50 
0.49 

72.00 
71.82 
0.27 

Digitized  by 

SOIL  TEMPERATURE. 


TABLE  47.— MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED 

WITH  SAND.  .\UGUST,  1913. 


Date — 
Maximum, 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat. 

minimum. 

6' 

12- 

18' 

8' 

12- 

18' 

6' 

12* 

18' 

8' 

12' 

18' 

6' 

12- 

18' 

,/Max.... 

86.1 

71.5 

79.8 

75.4 

77.0 

75  3 

88.1 

68.9^ 

79.4 

74  3 

75.7 

74.1 

84.5 

73.9 

77.7 

76.3 

75.4 

74.4 

82.6 

72.5 

76.5 

.75.1 

75.8 

74.5 

80.6 

76.5. 

76.8 

76.0 

74.1 

74.0 

„/Mtx.... 

■'iMin.... 

88.8 

70.4 

80.6 

74.1 

76.9 

74.4 

89.1 

63.4 

80.4 

73.0 

74.9 

73.5 

86.8 

72.6 

77.1 

75.5 

74.5 

73.8 

85.1 

70.8 

76.4 

74.0 

74.8 

73.8 

81.1 

75  5 

76.5 

75.8 

74.3 

74.0 

.fMax.... 
*\Min.... 

85.0 

67.9 

77.7 

72.4 

74.8 

72.9 

84.3 

65  4 

77.5 

71.4 

73.5 

72.2 

83.0 

70  3 

75.4 

73.8 

73.8 

72.8 

81.4 

73.5 

74.1 

72  2 

73.9 

72.6 

78.1 

73.6 

75.5 

74.6 

74.  C 

73.6 

c/Max.... 

^iMin.... 

84.0 

67.2 

77.1 

72.0 

74.1 

72.4 

82.5 

6*8 

76.4 

71  0 

73.4 

71.6 

81.6 

69.4 

74.8 

73.3 

73.2 

72.1 

80.0 

67  3 

73.3 
71  4 

73.2 

72.0 

76.3 

72.1 

74.8^ 

73.4 

74.9 

73  9 

73.4 

73.1 

./Max.... 

^IMin.... 

78.8 

71.8 

75.4 

73.7 

74.4 

73.5 

77.8 

70.0 

74.6 

72  6 

73.5 

72.5 

77.5 

72.8 

75.0 

74.0 

72.8 

72.1 

76.2 

71.0 

73.3 

72.5 

72.7 

72.0 

74.0 

73.5 

72.8 

72.6 

7lMax.... 

'\Min.... 

84.8 

69.3 

77.. 

71.4 

74.3 

72.0 

84.1 

67.4 

77.0 

71.2 

72.6 

71.4 

82.5 

70.5 

74.3 

72  6 

72.1 

71.7 

81.4 

69  2 

73.8 

71.4 

72.1 

71.7 

76.8 

72.5 

73.5 

73.0 

72.3 

72  2 

of  Max.... 

'^IMin... 

85.4 

73.6 

78.3 

74.3 

75.5 
74.1 

84.9 

72.4 

78.0 

73.8 

74.0 

73.3 

82.8 

74.8 

75.4 

74.5 

72.5 

72.3 

82.2 
73.4 

74.7 

73.5 

72.9 

72.5 

78.0 

74.8 

73.9 

73.7 

72.2 

72.1 

qfMax... 

^\Min.... 

81.7 

72.7 

76.8 

74.2 

75.4 

74.4 

82.4 

71.0 

77.1 

74.0 

75.1 

74.0 

80.0 

74.4 

76.0 

76.0 

73.4 

73.0 

79.9 

73.6 

74.9 

74  0 

73.5 

73.1 

77.4 

74.6 

75.0 

74.5 

73.1 

72.7 

„ /Max. ... 

74.9 

63.5 

71.0 

68.4 

70.8 

69.4 

78.0 

61.7 

72.5 

67.9 

71.3 

69.9 

73.2 

66.0 

72.1 

70.7 

72.4 

71.0 

72.3 

65.2 

70.8 

69.5 

72.0 

70.5 

73.1 

70.5 

75.1 

73.7 

74.6 

73.9 

io  /  Max  — 

80.7 

66  7 

73.5 

68.6 

70.8 

.69.4 

82.1 

66  2 

74.4 

69.1 

70.7 

70.0 

77.5 

67.7 

70.6 

70.0 

70.4 

69.5 

76.1 

67.0 

70.0 

69.0 

70.1 

69.5 

73.7 

70.2 

73.2 

72.3 

73.3 

72.4 

(Max.... 

*^\Min.... 

86.6 

68.2 

77.6 

70.6 

73.6 

70.9 

86.8 

66.9 

78.1 

70.5 

72.1 

70.6 

82.8 

69.0 

72.4 

70.7 

70.0 

69.6 

81.8 

68.0 

72.5 

70.0 

70.2 

69.9 

76.7 

70.9 

72.4 

71.8 

71.7 

71.4 

t./Max.... 

87.6 

73.5 

79.7 

74.5 

76.0 

73  9 

87.6 

72.4 

79.5 

74.2 

74.0 

73.0 

84.5 

73.8 

74.8 

73.5 

71.1 

70.9 

83.6 

72.5 

74.8 

72.0 

71.7 

71.6 

79.0 

74.0 

72.6 

72.5 

71.1 

71.1 

i.  fMax.... 

90.7 

75.7 

81.4 

76.3 

77.5 

75  5 

89.9 

74  2 

81.2 

75.6 

75.3 

74.3 

87.0 

76  4 

76.6 

75.4 

72.5 

72.5 

86.2 

75.3 

76.8 

74.9 

73.5 

73.4 

81.5 

76.5 

74.0 

73.9 

71.8 

71.5 

i-i  Max.  . 

88.5 

77.5 

84.5 

78.2 

80.1 

77.4 

85.9 

75.8 

83.9 

77.5 

77.5 

75.6 

89.3 

77  8 

80.3 

77.1 

74.8 

73.8 

87.5 

76.8 

79.5 

76.6 

75.0 

74.8 

85.9 

78.4 

75.7 

75.6 

72.9 

72.5 

IB  f  Max.  . . 

*\  Min. 

82.4 

73.0 

78.8 

74.6 

76.5 

/4  y 

84.3 

71 .2 

79.4 

73.8 

75.0 

74.0 

82.4 

74.5 

76.9 

'7K  U 
/O .  o 

74.9 

74 . 0 

82.0 

73.9 

76.6 

75.0 

74.9 

74 . 2 

81.0 

10. 0 

77.2 

76  6 

75.4 

75  1 

19  \  M?*  — 

Mm  

84.1 

70.6 

78.1 

73.7 

75.5 

73.9 

85.9 

69.2 

79.1 

73.9 

74.9 

73.8 

82.1 

73.1 

76.4 

75.0 

74.3 

73.4 

80.3 

72  0 

75.4 

74.1 

74.6 

73.7 

79.1 

76.1 

77.1 

76.1 

75.2 

74.9 

««  ^  Max 

OA  A 

68.6 

77.6 

72.8 

73.1 

PR  n 
(10. u 

66.7 

711  n 
lo.M 

12. h 

rl.O 

73.1 

fli  7 

70.4 

71;  A 

73.9 

n  7 
19.1 

72.8 

(Ml  R 

68.9 

7^  n 

71 A 

79  Q 

72.7 

7ft  R 

73.5 

76  1 

75!o 

"?(!  7 
f  1.  f 

74.3 

2'{SS.:;: 

78.8 

73.8 

75.6 

74.2 

75.0 

74.4 

78.8 

72.1 

76.4 

74.0 

74.5 

73.6 

78.0 

74.1 

75.4 

74.5 

73.3 

72.9 

77.5 

72.9 

74.3 

73.6 

73.5 

72.9 

78.5 

75.1 

75.4 

74.7 

74.0 

73.6 

„«  f  Max... . 

-^^IMin.... 

76.2 

71.4 

74.5 

73.0 

73.9 

73.1 

78.0 

69.8 

75.3 

72.8 

73.4 

72.7 

76.4 

72.9 

74.5 

73.7 

72.6 

72.1 

75.7 

72.3 

73.8 

73.1 

73.0 

72.4 

76.2 

74.9 

74.7 

74.3 

73.4 

73.3 

no  f  Max .... 
^1  Min... 

78.5 

65.9 

74.1 

69.3 

72.0 

70.1 

79.0 

64.9 

74.8 

69.4 

71.7 

70.7 

77.0 

67.7 

72.1 

71.1 

71.9 

70.8 

75.9 

67.0 

71.5 

70.1 

72.0 

70.9 

74.0 

70.6 

74.0 

72.8 

73.3 

72  7 

74.9 

63.6 

71.4 

68.5 

70.5 

69.3 

74.6 

61 .5 

71.4 

67.9 

70.7 

69.2 

73.3 

65.4 

70.9 

69.5 

70.4 

69.4 

72.4 

64.0 

68.8 

68.3 

70.5 

69.3 

70.6 

67.5 

71.4 

70.4 

71  2 

70.7 

2«{m!?;;:: 

82.9 

68.1 

75.5 

69.5 

72.2 

69.9 

82.6 

67.1 

75.6 

69.4 

71.0 

69.6 

79.8 

68.5 

71.3 

69.8 

69.3 

69.0 

79.0 

67.6 

71.3 

69.0 

69.5 

69.2 

74.8 

69.3 

70.2 

69.9 

70.3 

69.8 

27fMax.... 

83.1 

67.2 

75.7 

70.6 

72.6 

70.6 

82.7 

65.5 

75.4 

69  9 

71.3 

70.2 

80.3 

68.0 

71.8 

70.5 

70.0 

69.4 

79.4 

67.0 

71.5 

60.7 

70.4 

69.9 

75.1 

69.9 

70.7 

70.2 

88.8 

69  5 

no  f  Max — 

-^1  Min.... 

73.4 

69.0 

71.5 

70.2 

72.0 

71.0 

73.0 

67.5 

71.0 

69.6 

71.5 

70.1 

72.6 

69.5 

72.0 

70.8 

70.2 

69.8 

71.7 

68.7 

71.1 

70  0 

70.5 

69.9 

71.5 

70.3 

70.8 

70.4 

66.9 

69.6 

«,/  Max.... 
^\  Min.... 

75.1 

63.5 

71.0 

67.5 

69.5 

68.2 

74.1 

62.0 

70.6 

67.0 

69.3 

68.4 

73.4 

65.0 

68.9 

68.6 

69.5 

68.6 

72.5 

64.1 

68.8 

67.5 

69.6 

68.5 

71.0 

68.0 

70.2 

69.6 

89.8 

69  5 

««fMax  ... 

^MMin... 

76.4 

64.1 

72.1 

67.5 

70.1 

68  0 

75.6 

62.6 

72.0 

67.2 

69.1 

68  1 

75.0 

65.3 

69.5 

68.1 

68.8 

68.0 

74.0 

64  3 

69.2 

67.3 

68.9 

68.1 

71.8 

68.0 

69.7 

69.0 

69.5 

69  0 

[Max.. 
Ay9.\  Min 
[  Range 

82.06 
68.55 
12.50 

76.41 
72.13 
4.28 

74.07 
72.38 
1.69 

82.16 
67.72 
14.44 

76.46 
71.67 
4.79 

73.08 
71.90 
1.18 

80.20 
70.92 
9.28 

74.18 
72.83 
1.35 

72.22 
71.53 
0.69 

79.12 
68.95 
9.17 

73.41 
71.81 
1.60 

72.41 
71.68 
0.73 

76.65 
72.82 
3.83 

73.87 
73.22 
0.65 

72.62 
72.27 
0.35 

Digitized  by 
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TABLE  48.— MAXIMUM  AND  MINIMUM  TKMPKRATURK  OF  DIFFKRENT  TYPI-S  OF  SOIL.  NOT  COVTRED 

WITH  S\NI).  RHITEMBKR.  1913. 


Date- 
Maximum, 

GraveL 

Sanl. 

Loam. 

Clay. 

Peat. 

minimum. 

6' 

12' 

18- 

6' 

12' 

18' 

6' 

12" 

18* 

8' 

ir 

18' 

6' 

12* 

18' 

,  /  Max.... 

MMin.::: 

78.2 

68.8 

71.8 

69.5 

70.2  1  78.0 

69.5  '  67.8 

71.5 

69.2 

60.6 

69.1 

75.1 

69. 1 

70.0 

69.5 

68.4 

68.3 

74.8 

6S.5 

69.5 

69.0 

68.8 

68.5 

71.0 

69.3 

80.3 

69.2 

6B.7 

6S  2 

o  f  Max.... 

-'iMin.... 

85.7 

68.5 

76.9 

70.0 

72.8 

70.1 

85.0 

67.5 

76.4 

69.5 

70.9 

69.4 

82.1 

68.9 

71.6 

69.9 

68.7 

6S.6 

81.9 

67.9 

71.8 

69.2 

60.3 

69.0 

78.2 

69.5 

80.8 

69.6 

60.0 

6.S.8 

»  f  Max.... 

•*\  Min.... 

84.0 

73.2 

78.1 

74.0 

75.0 

73.1 

83.1 

71.7 

77.5 

73.4 

72.8 

72.0 

82.0 

73.4 

74.0 

73.5 

70.2 

69.9 

81.5 

72.5 

74.1 

71.9 

71.1 

70.9 

78.1 

73.9 

71.2 

71.1 

60.5 

68  8 

t  '  Max.... 

*\Min.... 

77.6 

72.0 

74.6 

73.0 

74.3 

73.0 

76.9 

71.3 

74.0 

72.5 

73.1 

72.1 

76.6 

72.8 

74.1 

73.2 

71.1 

70.9 

75.9 

71.6 

73.5 

72.1 

72.0 

71.5 

75.3 

73.6 

72.4 

72.0 

70.4 

70  0 

^  \  Max.... 

^iMin.... 

83.0 

68.0 

75.7 

70.4 

72.8 

70.7 

82.0 

67.0 

74.9 

70.0 

71.1 

70.2 

80.4 

6S.8 

72.4 

71.0 

71.0 

70.1 

79.7 

68.0 

72.0 

70.1 

71.2 

70.5 

76.1 

71.4 

72.2 

71.5 

70.7 

70.5 

.  f  Max.... 

^\Mm  

83.5 

67.4 

77.5 

71.0 

73.9 

71.0 

82.4 

66.4 

76.2 

70.3 

71.6 

70.5 

81.7 

68  8 

73.4 

71.4 

70.6 

70.1 

80.7 

67.5 

73.0 

69.7 

71.1 

70.5 

77.3 
71  4 

72.0 

71.5 

70.7 

70. 1 

Q  '  Max..  . 

"  \  Min. . . . 

75.6 

70.5 

73.6 

72.1 

73.6 

72.5 

75.6 

69  0 

73.4 

71.3 

72  4 

71.6 

75.6 

72  1 

74.0 

72.9 

71.6 

71.1 

74.8 

71.5 

72.4 

72  0 

72.0 

71.5 

74.0 

73.4 

72.0 

72.5 

71.1 

71  0 

n  ^  Max.... 

^Min..:: 

75.0 

61.5 

71.1 

67.0 

69.7 

68.4 

76.1 

59.0 

71.0 

66.1 

69.7 

63.2 

74.2 

63.9 

70.7 
69.1 

70.8 

69.5 

73.1 

62.9 

69.3 
67.1 

70.9 

60.2 

72.0 
87.9 

72.3 

70.9 

71.2 

70.8 

,n  f  Max. ... 

»"lMin...: 

75.6 

60.0 

70.0 

65.5 

68.1 

66.7 

75.5 

5S.1 

60.6 

64.7 

68.5 

67.0 

73.4 

62.0 

68.9 

67,3 

69.3 

67.9 

72.3 

60.8 

67.5 

65.0 

69.1 

67.6 

70.5 

66.0 

70.7 

69.3 

70.2 

70  0 

< .  ^  Max . . 

78.6 

61.5 

70.5 

65.8 

68.4 

06.5 

76.4 

59.9 

70.1 

65^4 

67.9 

66*7 

74.0 

62.9 

67.9 

66.8 

68.0 

67.1 

73.1 

61  5 

66.8 

65.1 

68.0 

66.9 

70.4 

66.0 

60.3 

68.4 

80.5 

&<.9 

r  Max  . 

*-\Min.... 

74^8 

64.5 

70.9 

67.2 

69.0 

67.7 

74.2 

63  6 

70.4 

66  8 

68  6 

67;7 

73.5 

65.6 

68.8 

67.7 

67.6 

67.2 

72.3 

61.6 

67.8 

66.5 

67.0 

67.3 

70.0 

67,8 

68.8 

68.3 

68.3 

68.0 

lo  >'  Max 

^^IMin.'.!' 

70.6 

59.3 

68.5 

M.6 

67.4 

65.9 

70.2 

58  6 

68.1 

6-Ll 

67.6 

66^4 

70.3 

61.5 

67.5 

66.1 

67.5 

66.5 

69.0 

59.9 

66.4 

64.7 

67.5 
66.4 

68.5 

65.1 

68.5 
67.4 

88.1 

67  9 

,r  f  Max  .. 

*''\Min... 

70.0 

56  8 

65.9 

62.0 

64.6 

63  2 

69.1 

56  0 

65.2 

6L7 

65.2 

61. 0 

68.1 

5S.6 

64.9 

63.5 

65.5 

64.4 

67.4 

67.2 

63.5 

61.9 

65.3 

64.1 

65.1 

61.9 

68.2 

65.1 

68.5 

66.4 

f  Max  . 

^^iMin..:: 

64.4 

63.0 

64.6 

64.0 

65.3 

M.5 

64.1 

62.6 

64.5 

63> 

65.2 
61*7 

64.0 

63.1 

65.0 
61  4 

64.6 

64.5 

63.9 

62.8 

64.1 

63.6 

64.6 

61.5 

64.5 

64.0 

65.3 

65.1 

65.5 

65.4 

or  .U 

64.2 

65.2 

61.2 

65.1 

64!5 

67.1 

m!o 

64.1 

D9.U 

&t.6 

ItR  ft 

M.l 

D4.S 

6i  5 

64.1 

ftA  n 

DD.U 

64.2 

04. 9 

63.9 

61.4 

ftR  ft 

64.6 

64.7 

65.1 

64!s 

ic  f  Max — 

^^iMin.... 

63.2 

59.4 

63.5 

62.0 

63.6 

63.0 

63.0 

58.5 

63.5 

61.7 

64.1 

63.5 

63.6 

60.6 

64.0 

63.3 

64.4 

63.7 

83.5 

60.6 

63.2 

62.6 

64.6 

63.8 

63.9 

62.5 

65.0 

64.2 

64.8 

54.6 

,g'Max.... 

66.3 

57.6 

63.7 

59.6 

62.6 

61.0 

66.7 

55  0 

63.9 

59.3 

B2.6 

61.5 

65.4 

58.2 

62.4 

61.4 

63.5 

62.5 

65.1 

59.2 

62.0 

60.5 

63.5 

62.4 

63.8 

59.3 

64.1 

63.0 

64.5 

63.8 

OA  f  Max.... 

\  Min 

64.9 

59 . 9 

63.0 

61 . 3 

62.9 

62.3 

65.3 

59.3 

63.1 

61 .2 

62.9 

62. 6 

63.0 

60. 1 

62.7 

02 . 2 

62.7 

62.3 

63.2 

60. 1 

62.2 

61 . 6 

63.0 

62.5 

63.3 

Dl  .0 

63.5 

63.8 

Otl.  ^ 

„^  /  Max.... 
22  \  Min...: 

55.6 

50.7 

56.7 

54  8 

57.5 

56.7 

55.5 

49.6 

56.7 

54.5 

58.6 

57.9 

55.5 

51.8 

58.0 

57. 1 

60.7 

59.5 

55.6 

51.8 

56.9 

56.1 

60.2 

59.0 

S6.5 

55.0 

61.3 

60.1 

63.0 

62  5 

oo  f  Max  . . 

2'\Min.... 

58. B 

47.9 

57.6 

52.5 

56.9 

54.7 

50.2 

47.4 

58.2 

52.0 

57.4 

56.0 

58.1 

48.9 

56.2 

54.9 

58.7 

57.7 

58.1 

48.4 

55.9 

54.0 

58.2 

57.2 

56.6 

52.3 

se.4 

58.0 

61.9 

61.0 

67.6 

53.0 

62.0 

55 . 5 

59.5 

.")()  6 

69.5 

52  6 

63.0 

56  0 

50.5 

57  7 

64.7 

53.4 

58.0 

56.1 

57.8 

57.5 

65.0 

.53.5 

58.5 

.55.7 

57.7 

57.5 

90.9 

54.9 

58.0 

57.5 

BO.Z 

59.6 

^■'{!!!!?:;;: 

70.4 

56.4 

64.8 

.59.5 

62.1 

59.9 

71.1 

55.5 

65.1 

59.7 

61.6 

60.3 

67.0 

57.1 

60.4 

5S.S 

58.9 

58.9 

67.2 

57.0 

60.9 

58.5 

50.5 

59.4 

62.4 

.57.8 

58.7 

58.4 

50.6 

59.5 

2f,  f  Max.... 

61.6 

60.1 

63.0 

61.5 

63.1 

62.0 

60.7 

59.4 

62.9 

61.4 

63.0 

61  9 

61.4 

59.9 

62.0 

61.2 

60.6 

60.2 

61.4 

59.8 

61.9 

60.7 

61.4 

61.2 

61.5 

60.3 

50.9 

59.5 

50.0 

59.7 

07  f  Max  

"\Min.... 

65.2 

50.3 

61.1 

56.1 

59.5 

57.6 

68.1 

49.0 

61.5 

55.5 

50.9 

.5S.5 

63.1 

51.7 

59.0 

57.5 

60.6 

59.3 

62.7 

51.5 

58.2 

56.6 

80.7 

59.2 

50.6 

55.0 

50.0 

58.9 

80.5 

60.1 

on  ^  Max  

^•'iMin.... 

64.2 

m  2 

62.0 

60.5 

61.2 

60.5 

64.4 

60.0 

62.1 

60.5 

61.1 

60  6 

63.0 

59.6 

60.4 

50.8 

59.5 

59.3 

63.0 

59.5 

60.0 

50.4 

50.8 

59.5 

61.4 

59.3 

50.1 

59.0 

50.0 

59.8 

,  .Min.... 

68.5 

61.9 

64.6 

61  7 

62.9 

61  7 

69.3 

(>1  6 



64.9 

61  6 

62.2 

61.5 

66.8 

61.5 

62.0 
61  I 

60.5 

60  0 

66.7 

61.5 

61.2 

60.7 

60.0 

60  5 

64.4 

61.4 

60.0 

59.8 

60.0 

59  9 

[Max  . 
Ave.  Min 
\  Range 

71.14  67.57 
61.41  64.05 
9.70  3.52 

66.22 
64.74 
1.48 

71.02 
60.40 
10.62 

67.42 
63.70 
3.72 

65.85 
64.85 
1.00 

69.55 
62.25 
7.30 

65.89 
64.78 

i.n 

65.27 
64.66 
0.61 

60.15 
61.72 
7.43 

65.27 
63.78 
1.49 

65.40 
64.81 
0.68 

67.30 
64.04 
^26 

65.95 
65.30 
0.65 

65.87 
65.S1 
0.36 

1  _/H 
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TABLE  49.— MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TPYES  OF  SOIL,  NOT  COVERED 

WITH  SAND.  OCTOBER.  1913. 


Date- 
Maximum, 
minimum. 


Gravel. 


Sand. 


Loam. 


Clay. 


12*  I  18*  I  8' 


18'  8' 


18" 


8'  '  ir 


18' 


Peat. 


12' 


18' 


[  Min. . 


•  \  Min . 


3 


/Max. 

\  Min. 

.  fMax. 

Min. 

.  [  Max. 

•  ,Min. 

fMax. 

\  Min. , 


of  Max... 

*lMin... 

,1  f  Max... 

"iMin... 

.of  Mux... 
^^\Min... 

r  Max... 
/Max... 


16 


17 


18 


20 


22 


/  Max.. 

\  Min.. 

fMax. 

\  Min .  . 

/  Max.. 

\  Min.. 

/Max 

\  Min .  . 

/  Max.. 

\  Min.  . 

/  Max. 

\  Min.  . 

j/Max.. 

*\  Min.  . 

Max.. 

Min.  . 

f  Max.. 

I  Min .  . 


2.5 


„  f  Max. 

2' \  Min. 


28 


30 


31 


/Max 

1  Min .  . 

^  f  Max. . 

\  Min.  . 

fMax.. 

\  Min.  . 

/Max.. 

\Min.. 


66.4 

61.2 

58.6 

57.1 

83.0 

54.5 

64.8 

52.1 

69.9 

57.1 

71.5 

60.7 

87.8 

64.4 

69.2 

61.5 

70.0 

63.0 

64.2 

61.6 

56.6 

45.9 

59.1 

47.5 

58.6 

51.0 

55.7 

53.1 

57.7 

53.8 

52.6 

51.0 

47.5 

44.0 

47.8 

43.6 

44.1 

41.5 

41.5 

38.9 

47.8 

41  4 

48.0 

39.9 

45.0 

43.9 

44.9 

43.4 

45.1 

43.4 

42.2 

39.9 

40.7 

38.6 


3.1  66.2 

2.5  '  60.2 


64.1 

62.4 


61.5    62.5  I  57.7 

59.5    60.8  '  56.1 


61.0  59.9 

57.4  f  58.3 


62.6 

53.8 


61.3 

56.7 


64.4 

59.6 


68.4 

62.4 


65.7 

64.4 


66.0 

63.0 


66.8 

63.9 


63.7 

55.8 

52.4 

58.1 

52.1 

57.1 

54.2 

56.0 

55.2 

56.5 

55.0 

54.5 

53.5 

49.0 

47.7 

48.7 

47  1 

46.4 

45.5 

44.0 

42.9 

46.5 

43.1 

46.2 

44.3 

45  .9  I 

45.8  I 

45  0  I 

45.9 

45.0 


69.6  I  65.6 

57.9  I  50.4 


62.0  70.7 

59.9  I  55.9 


63.9 

62.1  i 


64.8  I 

64.1  1 


84.5 

&3.3  1 


65.0 

63.9  I 


65.1  J 
64.0 


58.1 

54.5 


84.1 

62.3 


61.0 

59.1 


61.1 

56.9 


81.6 

56.0 


64.9 

69.2 


66.6 

62.0 


65.6 

64.1 


69.4  I  88.1 

60.2  I  62.6 

71.0  '  67.1 

62.3  I  63.6 

63.4  '  65.0 

60.4  I  63.6 


71.9 

59.6 


67.5 

63.6 


56.4  I 

43  .9  I 


55.9 

51.8 


55.2  I  60.7  , 
53.6  ,  47.0  '  51.9 


57.1 


44.1 

42.7 

42.8 

41.6 


56.4  i 

55.7  ' 

56.8  I 

56.1  ' 

56.4  I 

55.8  I 

58.1 

55.0  I 

50.4  I 

49.8  I 

49.8  i 

48.6 

48.4 

47.6  ' 

48.5  ' 

45  .2  I 

48.2  I 

44.9 

48.8  , 

45.6  1 

47.2  1 

46.8  I 

46.6  I 

46.1 

48.8 

46.1 

45.9  I 

44.9  I 

44.0  I 

43.5 


60.6  , 

50  .3  I 

55.8  ! 

52.6  I 

57.8  ' 

53.1  I 

51.6  I 

49.7  I 

47.0  , 

43.6 

47.8  ' 

43  .5  I 

43.9  I 

40  .0  I 

40.2  I 

38.8 

47.8  ' 

40  6  I 


44.9  , 

43  .3  ' 

44.4  ' 

42.9  I 

44.6  I 

42.5  I 

41.0 

38.6 


40.9  ! 

38.8  I 


Ave.<  Min. . 
[  Range 


55.51 
50.16 
5.38 


54.961 
52.82, 
2.14 


56.01; 
53.94| 
1.07: 


55.44| 
49.25, 
8.191 


57.7 

54.4 

56.3 

55  3 

58.6 

55.1 

54.4 

53.2 

49.1 

47.4 

48.9 

47.1 

48.4 

45.4 

43.8 

42.8 

46.7 

43.3 

46.4 

44.0 

46.3 

45.9 

45.8 

45.1 

46.1 

45.1 

44.0 

42.5 

42.7 

41.4 

55.09 
,52.63 
2.46 


62.7 

62.3 

62.4 

61.2 

59.7 

59.0 

59.4 

58.3 

61.4 

60.0 

62.9 

61.9 

64.0 

63.6 

63.7 

62.9 

64.3 

63.5 

64.9 

64.0 

57.5 

56.0 

58.0 

54.9 

56.9 

56.1 

57.5  I 

56.9  j 

58.8  I 

.56.5 

57.0  ' 

55.7  I 

51.8  I 

51.1  i 

50.9 

50.1 

50.0 

49.1 

48.1  j 

46.5  I 

46.9  I 

45.9 

47.5 

46.8  I 

48.1  1 

47.9  I 

47.6  I 

47.3  , 


47.5  j 

47.1  ! 

47.1  ! 

46.0 

45.2 

44.7  I 


65.6 

62.9 


59.9 

58.0 


62.1 

55.6 


83.0 

53.6 


67.0 

57.6 


61.1 


67.1 

64.2 


68.4  I 

62.5 


68.7  1^84.8 

63.5  I  63.9 

64.3  I  85.3 
62.5  ,  64.1 


61.6 


62.4 

61.0 


59.5 

58.8 


59.0 

sr.  9 


61.0 

59.6 


62.8 

61.6 


63.5 


63.9 

63.3 


56.1 

48.9 


56.9 

55.1 


57.2  I  55.0 

49.0  I  53.9 


57.9  ' 

51.8  I 


54.9 

53.4 


55.4 

54.6 


58.1 

55.6 


56.8  '  55.7 

53.8  1  55.3 

53.0  ;  56.1 


51.5 

47.1  , 

44  .9  i 

46.9 

43  9  i 

43.5  , 

41.8 

40.8  ' 

39.5  I 


54.8 

50.5 

49  7 

49.1 

48.4 

48.1 

47.0 

45.8 

44.2 


46.5  I  47.1 


40.9 

45.6 

40.8 

44.4 

44.0 

44.3 

42.9 

44.9 

43.0 

41.7 

39.5 

40.9 

38.9 


55.47i 
54.64| 
0.83 


54.71 
50.74 
3.97 


44.0 

45.7 

41.9 

46.5 

46.0 

45.6 

45  4 

45.7 

45.5 

45.5 

41.0 

43.5 

42.9 


62.6  I  65.8  I  81.9 

61.2  I  62.1  '  61.3 


61.8  I  59.7  , 

61.4  I  58.1  ! 

60.6  '  62.1  I 

59.6  I  55.6 

59.8  '  82.6 

69.0  I  53.5 


59.7 

59  .4  I 


60.6  , 

60.5  ' 


62.0  , 

61.7  I 


62.5  I 

62.3 


62.7  , 

62.7  1 


63.7  I 

63.4 


59.9 

•58.0 


87.0 

57.6 


68.6 

61.0 


67.2 

64.2 


88.4 

62.3 


68.5 

63.4 


64.7 

62.0 


55.5 

49.0 


57.2  I  56.9 

56.1  I  48.9 

56.3  1  57.9 

56.0  I  51.6 

56.4  '  55.1 

56.3  I  53.5 

56.3  '  57.1 

56.0  I  54.0 


53.0 

51.6 

47.3 

45  1 

46.9 

44.1 

43.5 

43.0 

41.4 

48.1  I  39.7 


58.5 

56.1  : 

53.4 

52  6 

51.9 

51.2 

50.9 

50.1 

49.3 


47.5 

46.9 

47.5 

47  3 

47.6 

47.5 

47.2 

47.2 

47.3 

47.1 


47.0 

41.3 

45.9 

41  1 

44.8 

44.4 

44.8 

43.5 

45.3 

43.5 


47.3  I  42.4 

46.6  40.6 


46.0 

45.6 


40.9 

39.4 


54.561 
53.58 


55.35 
54.81 


54.83 
50.89 


I 


61.6 

59.8 

59.1 

58.0 

58.1 

57.0 

59.8 

58.9 

62.4 

60.6 

63.8 

63.0 

63.8 

62.4 

84.1 

63.0 

63.8 

62.5 

55.2 

62.5 

53.4 

52.0 

54.1 

53.1 

55.0 

53.9 

54.4 

53.7 

55.1 

52.9 

49.2 

47.1 

48.4 

46  1 

47.4 

44.9 

44.9 

43.1 

43.6 

42.0 

45.4 

42.9 

45.2 

44.2 

43.5 

43.1 

44.8 

43  1 

44.6 

42.9 

42.5 

40.9 


61.9 

61.8 


59.9 

58.9 

60.2 

59.8 

81.4 

61.3 

62.7 

62.5 

63.2 

62.9 

63.5 

63.2 

64.0 

63.6 

59.4 

57.4 

56.6 

55.7 

56.2 

55.9 

56.5 

56.4 

56.3 

56.1 

56.9 

56.1 

53.0 

52.0 

51.5 

50.9 

50.6 

49.6 

48.7 

47  8 

47.2 

46.7 

47.5 

47.2 

47.7 

i7.5 

47.6 

47.3 

47.4 

47.2 

47.4 

46.5 

46.1 

45.4 


64.2  61.3 

62.4  61.2 


62.2    81.8  I  81.9 

61.6    59.9  I  61.5 


60.5    61.4  I  81.0 

59.7  I  57.7  I  60.0 


63.8  I  59.9 

59.0  I  59.6 


65.8 

61.8 


68.0  I 

64  .3  , 


66.4  I 

63.2  , 


53.52,  55.41 
52.031  54 


60.8 

60.7 


62.1 

61.9 


82.8 


67.1  I  83.3 

64.6  '  63.2 

85.7  I  64.1 

64.3  j  64.0 

55.2  I  60.9 

52.3  59.0 


55.0 

51.9 

55.9 

53.4 

55.1 

54  .6  I 

58.0 

54  .4  I 

54.8 

53  .6  , 

48.8 

47.2 

47.9 

46.4 

45.9 

45.1 

43.4 

41.7 

43.8 

41.0 

43.7 

42  1 

44.4 

44.0 

44.2 

43.6 

44.2 


58.0 

56.7 

56.6 

56.1 

56.4 

56.3 

58.1 

55.8 

56.3 

56.1 

53.4 

52.6 

52.0 

51.2 

50.8 

50.0 

49.3 

48.2 

47.0 

45.9 

46.2 

45.8 

45.9 

44.9 

46.1 

45.9 

45.9 


43.4  I  45.7 

45.8 

45.6 

45.0 
44.4 


43.1 

41.6 

40.8 

40.0 

54.24 
52.21 


0.981    0.54;    3.94  11.491   0.58,  2.03 


81.0 

60.6 


81.5 

61.4 


61.5 

61.1 


60.4  I  80.4  81.2 

56.1  I  59.4  60.7 


60.3 

60.0 


60.5 

60.3 


61.4 

61.0 


61.9 


62.8 

62.5 


63.1 

63.0 


82.5 

61.5 


59.5 


59.1 

57.4 

57.1 

56.8 

59.2 

57.2 

57.5 

57.4 

56.1 

55.5 

55.2 

54.4 

53.8 

53.2 

52.4 

52.1 

50.9 

49.8 

49.4 

49.0 

48.5 

48.4 

48.4 

48.3 

48.3 
48.1 

48.1 

48.0 

47.9 

47.5 


Digitized  by 


Googl 


55.16!  56.63 
0.66  0.49 
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TABLE  50.-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED 

WITH  SAND,  NOVEMBER,  1913. 


Date- 
Maximum, 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

minimum. 

8' 

12- 

18' 

6' 

12* 

18' 

6' 

12* 

18' 

8' 

ir 

18' 

6' 

12* 

1  '  Max 

^iMin.::: 

41.9 

36.6 

42.4 

40.0 

42.9 

42  1 

41.5 

35.9 

42.6 

40.0 

44.4 

43.8 

40.7 

37.1 

42.5 

41.8 

45.4 

44.7 

40.7 

37.9 

41.2 

40.1 

45.0 

44!2 

40.2 

39^2 

44.1 

43^5 

47.4 

460 

n  f  Max 

Mm" 

45.1 

41.3 

44.4 

42.4 

44.4 

43  3 

45.4 

41.0 

44.7 

42.8 

45.2 
44  5 

43.2 

40.3 

42.9 

42  3 

44.1 

44.0 

43.9 

40.5 

41.0 

40.0 

44.1 

43^8 

41.6 

40!  0 

42.7 

42*6 

45. *■ 
450 

M  f  Max 

*l  Min...'. 

42.4 

38.9 

43.2 

42.0 

44.2 

43.5 

42.1 

38.2 

43.5 

42.1 

45.5 

44.7 

41.6 

39.5 

43.4 

42  8 

44.7 

44.6 

41.9 

40.0 

42.2 

40.5 

44.9 

44^6 

41  5 

40> 

43.2 

43^0 

45  7 
45-4 

K  r  Max 

^iMin... 

43.4 

36.4 

42.8 

39.8 

42.9 

41.7 

43.9 

35.6 

43.1 

39.9 

44.4 

43.4 

41.8 

37.0 

42.3 

41  5 

44.7 

43.9 

41.8 

37.2 

41.4 

38.6 

44.6 

43!6 

40.0 

39^4 

43.1 

42^8 

45.7 

45^4 

A  '  Max 

^IMin.".".' 

43.8 

36  4 

42.4 

39  6 

42.4 

41.4 

44.2 

35.7 

43.0 

39.8 

43.9 

43.1 

42.1 

37. i2 

41.9 

41  2 

44.1 

43.5 

41.9 

37.1 

40.5 

38  4 

43.9 

43!  1 

39.5 

38^9 

42  9 

42^2 

45.6 

45*1 

7  f  Max 

MMin.... 

49.2 

42.1 

46.3 

42.8 

45.1 

43.3 

50.1 

42.0 

46.6 

43.0 

45.5 
44  4 

47.0 

41.2 

43.7 

42.3 

44.0 

43  5 

47.5 

41.5 

43  7 

39.9 

44.0 

43^5 

42.7 

40^2 

42.4 

42^1 

45.0 

44!8 

o  /  Max 

"iMin... 

47.0 

43  3 

47.3 

45.8 

47.1 

46  5 

46.9 

42.4 

47.5 

45.8 

47.4 

47.2 

46.6 

43.7 

46.0 

45.7 

45.7 

44.9 

47.0 

44.0 

45.7 

45.0 

46.2 

45!5 

44.9 

44^2 

43.9 

43*0 

45  2 

44.9 

tn.  '  Max 

^Mm"  .;. 

35.7 

35.5 

39.0 

38.4 

41.2 

40.4 

34.7 

34  5 

39.0 

38.3 

42.8 

42.1 

36.3 

35.9 

41.2 

40.4 

44.4 

43.6 

38.1 

35.6 

40.6 

39.6 

44.0 

42.9 

39.4 

38^6 

43.5 

43^0 

46.0 

45^9 

ii  f  Max 

35.9 

36.5 

38.4 

38.0 

40.0 

39.7 

34.9 

34.8 

38.1 

38  0 

41.5 

41.1 

35.6 

35.3 

39.7 

39.2 

42.8 

42.2 

35.4 

35.3 

39.0 

38,8 

42.1 

4L5 

38.0 

37^5 

42.4 
4r8 

45.0 

1  Max 

^-j  Min 

35.5 

35.0 

37.9 

37.3 

39.5 

39.0 

35.1 

34.5 

38.0 

37.4 

41.1 

40.6 

35.5 

34.6 

39.0 

38.1 

41.9 

41.1 

36.3 

34.7 

38.6 

37.7 

41.2 

40!  6 

37.3 

36!  6 

41.4 

40*8 

44.8 

44^1 

r  Max 

1  Min 

39.9 

34.6 

39.8 

36.9 

38.8 

38.1 

'41.2 

34.6 

40.0 

37.3 

40.4 

39.9 

42.9 

36.7 

40.1 

38.1 

40.9 

40.7 

43.9 

38.5 

40.5 

38.1 

41.2 

40.8 

38.6 

36^5 

40.5 

40.0 

43  8 

43*3 

,  f  Max 

*^lMin. .  .. 

39.2 

35  4 

39.5 

37.2 

39.4 

38.4 

40.6 

37.9 

41.8 

40.1 

42.1 

41,8 

42.4 

40.4 

41.8 

41.3 

42.3 

42.0 

42.8 

41.0 

42.1 

41.2 

42  8 

42^6 

40.5 

39^4 

40.8 

40^5 

43.0 

42^9 

1^  [!!!"::. 

35.5 

35.2 

37.9 

37.4 

39.4 

38.7 

35.5 

35.4 

39.1 

38.4 

41.9 

41.1 

37.6 

36  8 

41.5 

40.5 

42.8 

42  5 

38.0 

37.2 

41.4 

40.2 

43.1 

42.6 

38.3 

38^2 

41  1 

'41  !o 

'43  2 

43  1 

1- '  Max 

^'\Min.'.:; 

40.0 

35.4 

39.3 

37.4 

39.4 

38  6 

40.3 

34.8 

39.9 

37.8 

40.9 

40.6 

39.4 

36.2 

39.6 

39.3 

41.5 

41.1 

39.7 

36.5 

38.5 

38.9 

41.6 

41.1 

37.3 

37.0 

40.4 

4o!o 

43  1 

42!? 

m  f  Max 

'M  Min.'.'.  ; 

45.1 

40.8 

42.9 

40.3 

42.0 

40  4 

45.7 

41.2 

43.5 

40.7 

42.8 

41.6 

43.8 

40.0 

41.5 

40.4 

41.8 

41.4 

44.5 

40.6 

41.4 

40.0 

42.0 
41.4 

40.4 

38!2 

40.1 

39!9 

426 

42  4 

•  r.  '  Max 

'''iMi?.' : 

53.1 

49.5 

48.2 

45.9 

47.1 

44.4 

53.6 

50.1 

49.6 

46.5 

46.9 

44.7 

51.6 

49.1 

46.3 

44  7 

43.8 

42.7 

62.1 

48.5 

46.4 

44.0 

44.8 

43^4 

47.1 

43^6 

42.0 

4o!7 

42  8 

42:5 

n.i  f  Max 

\  Mm  .... 

54.0 

52.4 

51.3 

50.4 

49.9 

49.0 

54.3 

52.5 

51.4 

50  7 

49.4 

48.7 

52.9 

51.6 

48.2 

48.2 

46.5 

45.5 

53.4 

52.3 

49.1 

48.4 

47.9 

46.7 

50.0 
49^0 

44.9 

43^8 

44  2 
43*4 

o]  '  Max 

I  Min.... 

55.8 

53.5 

53.4 

52.1 

51.7 

50.9 

56.2 

53.2 

53.5 

52.1 

51.1 

50.5 

55.0 

53.0 

51.2 

50.4 

48.5 

47.8 

55.5 

53,5 

51.7 

50  3 

49.7 

49^1 

52.4 

5^2 

47  1 

46"2 

46.2 

45^3 

'^'-:m"::: 

57.0 

53  3 

54.1 

52.8 

52.6 

52.0 

57.4 

53.0 

54.1 

52  8 

52.0 

51  5 

56.1 

5:^.4 

52.5 

51.9 

50.0 

49.5 

56.6 

53.6 

52.5 

52.0 

51  1 

5o!8 

53  7 

52^4 

49.1 

48*  3 

48  0 

-"If 
47  3 

f  Max 

Min. ': 

42.5 

40  2 

45.1 

43  8 

47.4 

45  9 

41.4 

38.5 

44.7 

43.7 

48.3 

46.6 

42.7 

42.0 

48.1 

46  4 

49.9 

48.7 

42.8 

42  1 

47.6 

45.9 

50.0 

49.1 

48.8 

45  6 

50.0 
49  1 

50.2 

50.1 

9-  :  Max  . 

Min.... 

39.9 

37  3 

41.6 

40  S 

44.1 

42  3 

39.5 

36.2 

41.5 

40  5 

45.5 
44. 

39.3 

37.8 

44.8 

43.1 

47.5 

46.1 

39.9 

37.9 

44.G 

42  5 

47.1 

45  6 

43.8 

42.1 

48.2 

47.0 

50.2 
49  4 

Of, '  Max. . . . 

I  Min  

42.0 

40.4 

42.8 

41.8 

43.4 

43.0 

41.5 

40  0 

42.9 

42.0 

44.4 

44.2 

41.6 

40.3 

43.0 

42.9 

45.2 

44.8 

42.0 

40.7 

43.0 

42.6 

44.9 

44.6 

42.5 

42.0 

46.0 

45.4 

48.6 

48.0 

97  '  Max  

^'  I  Min.... 

40.6 

39.7 

42.1 

41.8 

43.0 

43  0 

40.2 

39.0 

42.1 

41.8 

44.4 

44.0 

40.6 

39.9 

42.9 

42  6 

44.7 

44  4 

41.2 

40,4 

42.7 

42.5 

44.6 

44  2 

42.0 

41.7 

44.9 

44.5 

47.4 

46  9 

oQ  .f  Max.... 

^Min.... 

42.4 

39  9 

42.5 

41  5 

42.9 

42  6 

42.3 

39  4 

42.6 

41.6 

43.9 

43.7 

41.6 

39.7 

42.5 

42.2 

44.1 

43.9 

42.4 
40  5 

42.5 
42  1 

44.1 

43  9 

41.8 
41  4 

44.1 

43.8 

46.4 

46.1 

9(,   Max .... 

44.0 

42.9 

43.9 

43  2 

44.1 

43.0 

43.9 

42  6 

44.1 

43.4 

44.9 

44.5 

43.4 

42  3 

43.4 

43  1 

44.1 

43  9 

43.9 

43.0 

43.7 

43.1 

44.4 

44.1 

42.7 

42.4 

43.7 

43.6 

45.6 

45  5 

^Max  . 
Ave.  \  Min . 
[  Range 

43.63  43.57  43.80 
40.4E  42.38  42.87 
3.17.    1.19  0.93 

1 

43.70 
40.12 
3.58 

43.88 
42.26 
1.62 

44.82 
44.10 
0.72 

43.25 
40.84 
2.41 

43.64 
42.82 
0.82 

44.62,  43.66 
44.04'  41.20 
0.58  2.45 

1 

43.28 
42.02 
1.26 

Digit 

44.77 
44.13 
0.64 

zed  by 

42.56 
41.44 

43.88 

43.14 

45.68 
45.28 

SOIL  TEMPERATITRB. 
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BKGINNING  WITH  THIRD  YEAR. 


TABLE  51. -MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  COVERED 

WITH  SAND.  DECEMBER.  1913. 


Date— 
Maximum. 

GraveL 

Sanj. 

Loam. 

Clay. 

Peat. 

minimum. 

6' 

12' 

18' 

6' 

12' 

18* 

6' 

12* 

18' 

6' 

12* 

18' 

6' 

12' 

18' 

,  f  Max.... 
*  1  Mill  

50.9 

50.4 

49.6 

49. 1 

48.9 

48.2 

50.7 

50.3 

49.7 

49.3 

48.6 

48  1 

50.0 

49.5 

47.4 

46.6 

45  9 

50.6 

50.1 

48.S 

47.7 

47.4 

46.6 

48.4 

47.0 

45.5 

44.9 

45.9 

45.6 

„  f  Max  .. 

^  \  Min  

51.5 
49.9 

50.3 

49.5 

49.6 

49.1 

51.9 

49.5 

50.3 

48.9 

49.6 

49.0 

50.7 

49.5 

49.1 

48.6 

47.6 

47.4 

51.2 

50.0 

48.5 

48.9 

48.5 

48.1 

48.5 

48.7 

46.9 

46.4 

46.8 

46.3 

»  1  Max  

^  \  Min  

47.9 

46.6 

49.2 

48.3 

49.5 

48.6 

47.2 

46.0 

49.1 

48. 1 

49.5 

48.9 

48.4 

47.4 

49.3 

48.6 

48.4 

48.3 

48.8 

47.8 

49.4 

48.6 

49.0 

48.9 

48.9 

48.4 

47.8 

47.5 

48.0 

47.4 

fMax  .  . 

*  \  Min  

44.9 

41.3 

45.5 

44.1 

46.3 

45.5 

44.5 

40.4 

45.4 

43  9 

47.1 

46.4 ' 

44.6 

41.9 

46.9 

45.8 

48.0 

47  1 

44.8 

42.4 

47.4 

45.6 

48.3 

47.1 

45.5 

44.8 

47.7 

47.2 

48.4 

48.2 

-/Max.... 

\  Min  

43.5 

40.1 

44.3 

43  1 

45.0 

44.4 

43.3 

39,2 

44^3 

43.0 

46.0 

45.4 

43.4 

40.7 

4.50 
44.4 

46.7 
46  0 

43.3 

41.1 

44.6 

44.1 

46.7 

45.9 

43.9 

43.3 

46.6 

46.3 

48.4 

48  0 

Max.... 

^  i  Min  

42.4 

38.9 

43.0 

41.9 

44.0 

43.5 

42.0 

37.6 

43.0 

41.8 

45.1 

44.5 

41.8 

39  4 

43.9 

43  2 

45.7 

45  1 

42.2 

39.5 

43.4 

42.7 

45.5 

44.8 

42.8 

41.4 

45.7 

45.2 

47.9 

47.3 

g  '  Max  

°  1  Min  

35.0 
34.4 

39.0 

37.9 

41.3 

40. 1 

34.9 

34.5 

39.5 

38.4 

43.1 

42. 1 

»:> 

35.8 

41.5 

40.4 

44.4 

43  4 
43.4 

36.5 

36.7 

41.1 

39.8 

44.0 

42.8 

40.5 

39.4 

44.3 

43.6 

47.3 

46  4 

g:Max.... 

y  \  Min  

33.4 

33.0 

37.1 

36.4 

39.3 

38.5 

33.1 

32.9 

37.6 

36.9 

41.5 

40.6 

34.9 

34.4 

39.7 

38  7 

42.7 

42  0 

34.5 

34.0 

39.4 

38.0 

42.0 

41.2 

38.4 

37.4 

42.9 

42  0 

45.6 

45.2 

jofMax... 

Min  

33.6 

33.5 

36.4 

36.2 

38.1 

37.9 

33.5 

33.3 

36.8 

36.8 

40.2 

40.0 

34.3 

34  1 
.54.1 

38.4 

38.0 

41.4 

41 .0 

34.2 

34.1 

37.5 

37.3 

40.5 

40.2 

36.8 

36.1 

41.5 

40.9 

44.6 

44. 1 

„  1  Max  . 

*'  .  Min  

33.6 

33. 1 

36.4 

35.9 

38.0 

37.4 

33.4 

32.8 

37.0 

36.3 

39.9 

39.5 

34.2 

33.7 

37.9 

37.3 

40.8 

4  02 

34.4 

33.9 

37.4 

36.8 

40.0 

39.6 

36.5 

35.  & 

40.4 

39.9 

43.5 

43  0 

i.fMax... 
\  Mm 

33.4 

33. 1 

36.8 

35.5 

37.4 

37. 1 

33.4 

32.7 

36.3 

36.0 

39.5 

38.9 

33.7 

33.4 

37.2 

36  8 

40.0 

39  6 

33.8 

33.5 

36.7 

36. '4 

39.4 

38.9 

35.7 

35.3 

39.5 

38  9 

42.8 

42  0 

19  f  Max  . . . 

\  Min 

37.2 

33.8 

37.0 

35.9 

37.5 

37. 1 

37.4 

33.6 

37.6 

36.4 

39.1 

39  0 

33.6 

33  5 

36.9 

36  6 

39.4 

39  1 

34.1 

34.0 

36.5 

36.4 

38.9 

38.7 

35,2 

34.2 

38.8 

38.4 

42.1 
41  4 

.  c  ,'  Max  — 
i  Min. 

34.1 

33.7 

36.6 

36. 1 

37.9 

37.4 

33.6 

33  1 

36.8 

36.2 

39.4 

38.9 

34.4 

34  0 

37.2 

37  0 

39.4 

34.9 

34  5 

37.1 

00.  u 

39.2 

38.8 

35.0 

34 .0 

38.0 

37.7 

40.9 

40.5 

..'Max.... 

I  Mm.  .  . . 

37.8 

35.0 

38.0 

36.4 

38.2 

37.3 

37.6 

34.8 

38.3 

36.5 

39.4 

38.7 

36.6 

34.0 

37.2 

36  8 

39.0 

38.9 

37.3 

34.5 

37.3 

36.6 

38.8 

38.7 

33.9 

33.8 

37.6 

37.5 

40.5 

40.2 

17  f  Max  .. 

*MMin.... 

36.1 

35.2 

37.3 

36.9 

38.1 

38.0 

35.7 

34.6 

37.6 

37.1 

39.6 

39.2 

35.7 

34.8 

37.5 

37.3 

39.3 

39.0 

37.5 

35!  5 

37.7 

37^4 

S9.C 

39  0 

o«t./ 

33.8 

37^5 

37.4 

40.3 

40.0 

1  {]  ^  Max . .  r . 

^'^IMin... 

34.4 

34.1 

36.5 

36.4 

37.8 

37.6 

33.7 

33.6 

36.6 

36.5 

39.0 

38  7 

34.6 

34.3 

37.4 

37.2 

39.3 

39  1 

35.1 

34.9 

37.4 

37.2 

39.1 

39  0 

34.6 

345 

37.4 

37.2 

40.0 

39  9 

jQ  fMax.  .  . 

Min.  ... 

33.3 

33.1 

35.8 

35  4 

37.2 

36.7 

32.5 

32.1 

36.0 

35  4 

38.6 

38  2 

33.9 

33  5 

36.9 

36.6 

38.9 

38.6 

34.3 

34.0 

37.0 

36.5 

38.8 

38.5 

34.5 

33  4 

37.4 

37.1 

40.1 

39.  H 

20 /Max... 

Min.... 

33.1 

33.1 

35.2 

35.1 

36.6 

36.6 

32.6 

32.4 

35.5 

35.3 

38.2 

37.9 

33.4 

33  4 

36.4 

36  3 

38.7 

38.4 

33.8 

33.6 

36.3 

36  1 

38.4 

38  1 

34.4 

34,3 

37.1 

37.0 

39.8 

39  7 

nn  I  Max .... 

"  j  Min  

32.2 

30.1 

34.4 

33.9 

35.9 

35.2 

31.4 

26.5 

34.4 

33.9 

37.5 

36.9 

32.8 

32.3 

35.9 

35.5 

38.1 

37  8 

32.6 

32  2 

35.5 

35.0 

37.9 

37.2 

34.1 

33.7 

37.1 

36.6 

39.6 

39.2 

«o  /  Max — 

Min.... 

32.3 

31.5 

33.9 

33.6 

35.3 

35.0 

31.8 

30.5 

33.9 

.33.6 

38.8 

36.6 

32.3 

32.1 

35.1 

35.0 

37.5 

37.3 

32.4 

32.2 

34.8 

34^7 

37.1 

36.8 

33.5 

33.4 

36.5 

36.4 

39.0 

38.9 

04  /  Max. 
\  Min. . . . 

32.3 

32.2 

33.8 

33.6 

35.1 

34.9 

32.1 

32.0 

33.9 

33.8 

36.6 

36.4 

32.2 

32.1 

35.1 

34.8 

37.1 

37.0 

32.5 

32.4 

34.6 

34.4 

36.6 

36.4 

33.3 

32.3 

36.2 

35.8 

38.7 

38.2 

^  Max  

2^\Min.... 

32.8 

32.7 

34.3 

34.1 

35.3 

35.3 

32.4 

32  3 

34.7 

34.5 

36.8 

36.8 

32.5 

32.4 

34.9 

34.8 

36.9 

36.5 

32.9 

32.7 

34.8 

34.7 

36.7 

36.5 

33.1 

32.5 

35.8 

35.7 

38.4 

38.1 

27 -  Max  . 

\  Min.  .  . 

32.7 

32  0 

34.7 

33.6 

35.6 

34  7 

32.0 

31.0 

34.9 

33.7 

37.0 

36.2 

32.6 

32.0 

35.3 
34.4 

37.1 

36.3 

33.2 

.32  3 

35.1 

34.2 

36.8 

36  1 

33.6 

32.7 

36.0 

35.1 

38.5 

38.2 

OA  1  Max... 

^iMin.  . 

32.3 

32.2 

33.8 

33.7 

34.8 

34.7 

32.0 

31.9 

34.0 

33.9 

37.0 

36.0 

32.1 

32.0 

34.3 

34.2 

36.2 

36.0 

32.4 

32.3 

34.2 

34.1 

35.9 

35.8 

32.5 

31.6 

34.9 

34.7 

37.3 

37.2 

3«/  Max  .  . 

^*^\Min.... 

32.3 

32.0 

34.0 

33  5 

34.7 

U.Z 

32.1 

31  6 

34.1 

33  6 

36.9 

.35  8 

32.1 

31.7 

34.1 

33.9 

36.3 

35  6 

32.5 

32  2 

34.1 

33.9 

35.9 

35.6 

32.6 

32.3 

34.6 

34  3 

37.1 

36.8 

„.  f  Max 

^^Min.... 

32.4 

32.3 

33.8 

33  7 

34.9 

34  7 

32.3 

32  1 

34.2 

34  0 

36.2 

36.1 

32.1 

31.  S 

34.2 

34.0 

36.1 

36  0 

32.6 

32.5 

34.4 

34.1 

36.0 

35  8 

32.7 

30.3 

34.8 

34.6 

37.3 

36.7 

Ave. 

Max 
Min 
Range 

36.75 
35.67 
1.08 

38.34 
37.68 
0.66 

39.32 
38.83 
0.49 

36.42 
35.06 
1.36 

38.52 
37.84 
0.68 

40.70 
40.18 
0.52 

36.67 
35.91 
0.76 

39.05 
38.60 
0.45 

40.83 
40.41 
0.42 

37.02 
36.23 
0.79 

38.91 
38.39 

40.64'  37.48  39.94  42.28 
40.201  36.71'  39.56  41.88 

U44p  0:m  c§>»j 
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TABLE  52.— MAXIMUM  AND  MINIMUM  TEMPERATUItE  OF  DIFFERENT  TYPES  OF  HOIL.  TOVERED 

WITH  SAND.  JANUARY,  1914. 


Date- 
Maximum, 
minimum. 


Gravel. 


6' 


12'  18' 


Sand. 


Loam. 


12*  18' 


12*  18' 


Clay. 


Peat. 


ir  18" 


10 


12 


Min.. 


•\Min.... 

JMax.... 

'iMin.... 


'iMin.... 

,fMax.... 
'\Min... 

,fMax..., 

^\Min..., 

jfMax.... 

*\Min..., 

.[Max.... 
*\Min.... 

[Max.... 

\Min.... 

(Max.... 
\Min.... 

./Max.... 
*\Min. ... 

,  (Max.... 

'iMin..., 

Max... 

Min.... 


16 


Min. 


Min. 


,o  f  Max. 

^^\Min., 

^"\Min. 


07  f  Max. 

)  Min. 


28  ' 


Max. 


29 


Min. 
f  Max. 


\  Min . 
«n  f  Max . 

/  Max. 

•"\Min. 


32.5 

32.3 


32.5 

32.4 


32.7 

32.5 


33.1 

32.9 


33.3 

33.2 


33.2 

33.2 


33.4 

33.2 


34.1 

33.8 


34.0 

33.8 


34.1 

34.0 


33.4 

33.3  I  34. 

33.5  I  34. 

33.4  '  34. 

33.5  34. 
33.4  34. 

33.9  '  35. 

33.4  34. 

33.8  '  35. 

33.6  34. 

33.7  I  34. 

33.4  I  34. 


33  .6  I 

33.7 

33  .7  I 

33.9 ; 

33  .7  j 

33.8 

33  7 

33.9 

33  8 

34.0 

33.9  , 

33.9 

33.9 

34.0 

.,  33  9^ 

i  33.8* 

.1  33.6 

.  33.6 

33.4 

I  33.7 

.,  33.6 

41.5 

.  37.4 

35.0 

.  34.0 

.  33.4 

.1  .33.4 


34.9 

34.7 

35.0 

34.9 

34.9 

34.9 

34.9 

34  9 

35.0 

3*  9  . 

35.0 ; 

34.9  I 

34.9  ' 

34.8  ' 

34.9  , 

34.7 

34.9 

34.9 

34.8 

34.5 

34.7 

.34.0 

39.7 

35 . 5 

36.9 

35  6 

I  35.1 

34.9 


fMax..  33.87 
Ave.-(  Min. .  33.55 
i  Range  0.32 


34.8 

34.7 

34.9 

34.8 

35.1 

34.8 

35.1 

35.0 

35.1 

35.1 

35.4 

35.1 

35.2 

35.1 

35.2 

35.1 

35.3 

35.2 

35.5 
35.4  , 

35.8 

35.3  , 

35.8 

35.5 

35.5 

35.4 

35.6 

35.5 

35.6 

35.6 

35.6 

35.5 

35.6 

35  4 

35.6 

35.6 

35.7 

35.5 

35.6 

35.4 

35.6 

.35.4 

35.7 

35  .6  ; 

35.5 

35  2 

35.5 

35.2 

38.1 

35.5 

37.5 

30.7 

36.1 

3.VS 


32.3 

32.1 


32.2 

32.1 


32.6 

32.3 


32.9 

32.7 


33.0 

33.0 


33.1 

33.0 


32.! 


33.1 

33.0 


33.3 

33.1 


34.2 

34.0 


34.2 

34.1 


34.3 

34.2 


34.6 

34.5 


34.6 

34.5 


34.6 

34.6 


34.7 

34.6 


34.7 

34.0 


34.7 

34.6 


33.3  34.7 

33.1  I  34.6 


33.4 

32.9 


33.3 


33.1 

33.1 

33.2 

33.2 

33.4 

33.3 

33.4 

33.4 

33.4 

33.3 

33.6 

33.5 

33.6 

33.5 

33.6 

33.5 

33.6 

33  4 

33.3 

33.1 

33.3 

33  1 

33.4 

33  2 

42.3 

37  5 

34.4  , 

33  G 

33.0 

32  9 


35.0 

34.5 


34.9 

34.7 


34.8 

34.6 


36.1 

36.0 


36.1 

35.8 


36J 

36.0 


36.3 

36.2 


36.3 

36.2 


38.3 

36.2 


36.4 

36.2 


36.3 

36.2 


36.3 

36.2 


36.4 

36.2 


36.6 

36.1 


36.7 

36.4 


38.4 

36.3 


32.1 

32.0 


32.1 

32.1 


32.3 

32.1 


32.4 

32.3 


32.4 

32.3 


32.4 

32.3 


32.4 

32.3 


32.5 

32.4 


32.7 

32.6 


32.9 

32.8 


34.8  36.4 

34.6  I  36.3 


34.8 

34.7 

34.9 

34.9 

34.9 

34.8 

34.9 

34.9 

35.1 

34.9 

35.0 

34.9 

34.9 

34.7 

34.9 

34.7 

34.8 

34.5 

34.7 

34.6 

39.7 

35.5 

36.9 

3j.K 

35.1  j 

31,9 


38.4 

36.4 

36.4 

36.4 

38.4 

36  4 

36.5 

36.4 

36.4 

36.4 

36.4 

36.3 

36.4 

36.2 

36.5 

36.2 

36.3 

36  2 

36.2 

36.2 

37.6 

36.1 

38.0 

37.4 

37.0 

■M  \  7 


34.2 

34.0 


34.3 

34.1 


34.3 

34.1 


34.4 

34.3 


34.4 

34.3 


34.4 

34.3 


34.4 

34.2 


34.4 

34.3 


34.5 

34.4 


34.8 

34.6 


33.3  35.1 

32.9  I  34.8 


33.4 

33.1 


35.3 

34.9 


33.1  34.9 

33.0  34.9 


33.3 

33.0 


33.1 

33.3 

33.2 

33.3 

33.2 

33.3  I 

33  .2  I 

33.4  ' 

33  .3  ' 
33.4 

33.2 

33.5 

33.4  . 

33.4  ' 

33.3 

33.3 

33.3 

33.4 

33.3 

38.3 

33.1 

34.9 

34.0 

33.5 

33.4 


34.98,  35.63  33.56  35.01 1  36.49 
34.64  35.35  33.22,  34.69  36.28 
0.34    0.28    0.34;   0.32  0.21 

I'll 


33.24 
32.89 
0.35 


35.0 

34.9 

35.0 

34.9 

35.0 

34.9 

35.0 

34.9 

35.1 

35.0 

35.0 

35.0 

34.9 

34.9 

35.0 

35.0 

35.1 

35.0 

35.0 

34.9 


38.1 

36.0 

36.0 

35.8 

36.0 

35.9 

36.0 

35.9 

38.0 

35.9 

35.9 

35.0 

36.0 

35.9 

35.9 

35.9 

36.0 

36.0 

36.2 

36.1 

38.5 

36.1 

36.7 

36.4 

36.4 

36.4 

36.4 

36.3 

36.4 

36.3 

36.4 

36.3 

36.4 

36.3 

36.4 

36  3 

36.4 

36.3 

36.3 

36.1 

36.4 

36.3 

36.4 

36.3 

36.3 

36.2 


34.9  ,  36.1 

34.6  '  35.7 


35.6 

34.5 

36.7 

36.1 

35.7 

.r).5 


35.8 

35.6 

36.9  I 

36.8  i 

36.9 

3(),S 


32.6 

32.5 

32.7 

32.6 

32.8 

32.6 

33.1 

33.1 

33.2 

33.1 

33.2 

33.2 

33.4 

33.3 

33.4  I 
33.4 

33.6 

33.5 

33.9 

33.9 

34.2  j 

33.7 

34.2 

33.9 

34.0 

33.9 

34.0 

33.9 

34.1 

34.0 

34.1 

34.1 

34.1 

34.0 

34.2 

34.1 

34.3 

34.1 

34.2 

34.1 

34.2 

34.1 

34.0 

34.0 

33.9 

33.8 

34.0  ! 

33.9 ; 

41.1 

36.2 

35.9 

34.7  : 

33.9 

33  8 


34.1 

34.3 

34.1 

34.5 

34.3 

34.6 

34.4 

34.6 

34.5 

34.7 

34.5 

34.7 

34.5 

34.7 

34.6 ; 

34.9 

34.9 

35.3 

35.1 

35.6 ; 

35.0  I 

35.5  I 

35  .3  I 

35.3  ! 

35.2  ! 

35.2  ' 

35.1  ; 

36.3 

35.2 

35.4 

35.3 

35.4 

35.3 

35.4 

35.4 

35.5 

35.4 

35.5 

35.2  I 

35.4  ' 
35.1 
36.4' 

.35.2 

35.3 

34.9 

35.1 

34.9 

37.7 

35.1 

37.6 

36.6 

35.9 

35.6 


35.8 

35.6 

35.8 

35.7 

35.9 

36.7 

36.0 

35.9 

36.0 

35.0 

36.1 

35.9 

35.9 

35.0 

36.1 

36.0 

36.2 

36.1 

36.4 

36.3 

36.7 

36.3 

36.8 

36.4 

36.4 

36.4 

36.5 

36.4 

36.5 

36.4 

36.5 

36.4 

36.5 

36.4 

36.5 

36.4 

36.6 

36.4 

36.5 

I  36  3 

36.5 

I  36.4 

36.4 

36.3 

36.3 

36.0 

38.1 

36.0 

36.6 

35.9 

37.8 

37.5 

37.1 

36.9 


32.3 

31.6 


32.6  > 
32.4  • 


32.7 


32.9 

32.8  > 

32.9  '• 

32  A 

32.8  ! 

32.5  I 

32.8  I 
32.7 

32.7 

32.6  : 

32.9 

32.7 

33.1 

33.0 

33.4 

33.0 

33.5 

33.3 

33.4  I 

33  .3  I 

33.4  j 

33.3  I 

33.4  i 

33.3 : 

33.4  I 
33.3 

33.4 

33.3  I 

33.4  I 

33.4  ! 

33.5 

33.4 

33.4 

33.3 

33.5 

33.4 

33.4 

33.4 

33.3  ! 

33  .3  I 

33.4  I 

33.2 

33.4 

33.3  , 
33.4 

33.3  . 

33.4 

33.3 


34.6 

34.5 


34.7 

:  34.5 


34  C    36  8 

34.S  37.0 

'  34.7  37.0 


34.90  36.27 
34.71  36.14 
0.19  0.13 


34.09;  35.30  36.39 


33.17 


.76i  34.99  36.21  33.00  34.88  36.83 
0.33|   0.31  0.18|r^ 
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TAfiLE  53.-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  COVERED 

WITH  SAND,  FEBRUARY,  1914. 


Date- 
Maximum, 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

Tnmimiim 
llUUl  u  1  Ui  1 1 1 

6' 

12* 

18' 

6' 

18 

8' 

12* 

18" 

6' 

12* 

18* 

6' 

12* 

18* 

«  f  Max... . 

^\Min.... 

33.6 

33.5 

35.0 

34.6 

35.8 

36.4 

33.4 

33.1 

35.0 

34.8 

36.6 

36.4 

33.4 

33.2 

35.4 

35.0 

36.7 

36.3 

1 

34.0  1 

33.8  ' 

35.4 

35.1 

38.6 

36.2 

33.6 

33.4 

35.0 

34.8 

37.1 

36.6 

Q  /  Max  

"^IMin... 

33.4 

33.4 

34.6 

34  5 

35.4 

35.2 

33.1 

33.0 

34.7 

34  5 

36.2 

36.1 

33.1 

33.0 

34.9 

34.7 

36.2 

36.1 

33.7  , 

33.5 

35.1 

34.9 

36.3 

36.0 

33.4 

33.3 

34.9 

34.6 

36.8 

30.5 

M !  Max  

*\  Mill.... 

33.6 

33.6 

34.8 

34.7 

35.5 

35.4 

33.4 

33.3 

34.8 

34.7 

36.4 

36.2 

33.4 

33.3 

35.0 

34.9 

38.3 

30.1 

33.9  1 

33.8  ' 

35.1 

35  0 

36.4 

36.2 

33.4 

33.4 

34.8 

34.8 

38.8 

36.6 

.  f  Max.... 

*lMm.... 

33.9 

33.6 

35.0 

34.6 

35.6 

35  4 

33.6 

33  2 

35.0 

34  7 

36.6 

36.2 

33.5 

33.3 

35.3 

34.9 

36.4 

36.1 

34.1  I 

33  .8  ! 

35.4 

35.0 

36.4 

30.1 

33.7 

33.4 

35.0 

34.7 

37.0 

36.6 

J. /Max.... 

33.8 

33.6 

34.9 

34.7 

35.5 

35.4 

33.3 

33.2 

34.8 

34.6 

36.4 

30.2 

33.4 

33.2 

35.0 

34.9 

36.3 

36.1 

33.9  1 

33.9  1 

1 

36.1 

35  0 

36.2 

36.1 

33.4 

33.4 

34.9 

34.8 

36.8 

36.7 

7  /  Max  

^iMin.... 

33.8 

33  6 

34.9 

34.7 

35.5 

35.4 

33.4 

33.1 

34.8 

34.6 

38.2 

36.1 

33.4 

33  2 

35.0 

34.9 

36.1 

30  0 

34.0 

33.9 

35.1 

34.9 

36.2 

36.1 

33.5 

33.4 

35.0 

34.7 

36.6 

36.5 

Max.... 

34.1 

33.8 

35.2 

34.9 

35.9 

35  5 

33.5 

33.1 

35.0 

34  7 

36.5 

36.2 

33.6 

33  3 

35.2 

35.0 

36.4 

36.1 

34.3 

33.9 

35.5 

35.1 

36.5 

30.1 

33.9 

33.5 

35.2 

34  9 

37.1 

36.7 

,,,/Max  ... 

33.9 

33.6 

35.0 

34.7 

35.7 

35.4 

33.3 

32.9 

34.8 

34.4 

38.4 

36  0 

33.4 

33  2 

35.1 

34.8 

36.2 

1  35  9 

34.1 

33  7 

35.3 
34  9 

36.4 

36.0 

33.7 

33  4 

35.0 

34.7 

36.9 

36.6 

/  Max... 

33.8 

33!  5 

34.9 

34  7 

35.6 

35  3 

33.1 

32.7 

34.7 

34.5 

36.4 

36  1 

33.4 

33  2 

35.1 

34.8 

1  36.3 

.  36.1 

34.0 

33  8 

35.2 

35.0 

36.4 

36.0 

33.7 

33.5 

35.0 

:J4.8 

36.9 

36.6 

lo/Max  .. 

*-\Min.... 

34.0 

33.5 

35.3 

34.7 

35.8 

35.3 

33.4 

32  6 

34.9 

.'M.5 

36.4 

36  0 

33.7 

.... 

35.4 

34.9 

36.4 

36.0 

34.4 

33.9 

35.5 

35.0 

36.6 

34.0 

33  5 

35.4 

34.9 

37.1 

36  7 

f  Max  

^"MMin.... 

33.8 

33.4 

34.9 

34.6 

35.5 

35  2 

32.6 

32.2 

34.7 

34.3 

36.2 

36.1 

33.4 

33.2 

35.2 

34.9 

36.4 

30.1 

34.1 

33.7 

35.3 

34.9 

36.4 

36.0 

33.9 

33  6 

35.2 

34  9 

37.0 

30  0 

33.4 

33.1 

34.6 

34.2 

35.5 

34.9 

32.4 

31.9 

34.5 

34  U 

36.1 

35.6 

33.4 

32.8 

35.1 

34.5 

36.2 

35.7 

33.9 

33.4 

35.0 

34  0 

36.1 

35.6 

33.7 

33.4 

35.1 

34.6 

36.9 

36.5 

33  3 

33.0 

34.4 

34.2 

35.1 

34.9 

32.5 

32.2 

34.3 

34.0 

35.9 

35.5 

33.0 

32  8 

34.8 

34.4 

*  35.9 

1  35.7 

33.7 

33.4 

34.9 

34.6 

36.0 

35.5 

33.5 

33.3 

34.9 

34.6 

36.7 

36  4 

17  f  Max. . . . 
Min... 

33.4 

33.2 

34.5 

34.3 

35.0 

34.0 

32.4 

32.3 

34.1 

34.0 

35.8 

35  5 

33.0 

32.8 

34.7 

34  5 

35.9 

35.6 

33.6 

33  4 

34.9 

34.7 

35.8 

35.6 

33.5 

33.4 

34.8 

34  6 

36.6 

36.4 

,«  1  Max  

^^\Min.... 

33.4 

33.2 

34.4 

34.2 

35.1 

34.7 

32.5 

32.3 

34.1 

:w.o 

35.7 

35  5 

33.0 

32.8 

34.6 

34.4 

'  35.9 

'  35  5 

33.6 

33  4 

34.8 

34.6 

35.8 

35.6 

33.4 

33.2 

34.7 

34  5 

36.6 

36.4 

;Max  .  . 

33.4 

33.2 

34.4 

34.2 

35.0 

34.8 

32.5 

32.4 

34.1 

34  {) 

35.6 

35  5 

33.0 

32.8 

34.5 

34.4 

1  35.7 

35.5 

1 

33.6 

33.5 

34.7 

34.6 

35.7 

35.6 

33.4 

33.3 

34.6 

M  5 

36.4 

36  3 

f  Max.... 

33.8 

33  2 

34.6 

34  2 

35.4 

34.9 

33.0 

32.4 

34.5 

34  I 

36.0 

35.5 

33.4 

32.9 

34.9 

3»  4 

,  36.0 

'  :i5  5 

34.0 

33.5 

35.1 

34  6 

36.0 

35  5 

33.6 

33  3 

34.9 

34.5 

36.6 

36  3 

f  Max 

,  Mill  ... 

33.6 

33.3 

34.6 

34.3 

35.3 

34.  S 

33.0 

32.5 

34.5 

34  1 

36.0 

35.6 

33.4 

«2.0 

34.3 

:w.4 

36.0 

1  35.5 

1 

34.0 

33  5 

35.0 

34.6 

36.0 

35.6 

33.7 

33  2 

34.9 

34  5 

36.7 

30  3 

go  ( Max ... 

33.6 

33.4 

34.7 

3-1.4 

35.2 

34.9 

33.1 

32.6 

34.6 

34.2 

36.0 

35.6 

33.4 

33.0 

34.8 

34.5 

35.9 

35.5 

34.0 

33.7 

35.2 

34.7 

36.0 

35.6 

33.5 

33.4 

34.9 

34.6 

36.7 

36.4 

OA  '  Max.... 

33.5 

33.1 

34.6 

34.1 

35.3 

M.Q 

32.9 

32.3 

34.0 

33.5 

35.9 

35  4 

33.2 

32.6 

34.9 

34.3 

'  35.9 

35  3 

33.9 

33.4 

35.1 

34.5 

35.9 

35.4 

33.5 

33.1 

34.9 

34  4 

36.7 

36.1 

33.4 

33.4 

34.6 

34.6 

35.2 

35.2 

32.8 

32.8 

34.4 

34.4 

35.9 

35.9 

33.2 

33.2 

34.7 

34.7 

35.9 

35.9 

33.9  ! 

33.9 

35.0 

35.0 

35.9 

35.9 

33.5 

33.6 

34.9 

34.9 

36.6 

36.6 

^^{^^■•:: 

33.3 

33.0 

34.3 

34.1 

35.1 

34.7 

32.4 

32.1 

34.2 

33  9 

35.6 

36.4 

33.0 

32.7 

34.5 

34.4 

35.6 

35.4 

33.6  ' 

33  .4  i 

34.7 

34.5 

35.7 

35.4 

33.4 

33.1 

34.7 

34.4 

36.5 

36.2 

57 /Max.... 

33.4 

32.9 

34.4 

33.9 

34.9 

34.5 

32.7 

32.4 

34.1 

33.8 

35.5 

35.1 

33.0 

32.5 

34.5 

34.0 

35.5 

35.1 

33.6 

33.4 

34.8 

34.4 

35.7 

35.2 

33.4 

32.0 

34.6 

34  2 

36.4 

36.0 

„«  )  Max. . . . 

2^\Mm.... 

33.2 

32.9 

34.0 

33.8 

34.7 

34.5 

32.6 

32.4 

33.9 

33.8 

35.4 

35.2 

32.8 

32.6 

34.3 

34.1 

35.4 

35  2 

33.5 

33  4 

34.5 

34.4 

35.4 

35  2 

33.0 

32.9 

34.4 

34.3 

36.2 

35.9 

[Max.. 
Ave.  j  Min 
[  Range 

33.59 
33.33 
0.26 

34.69 
34.41 
0.2& 

35.3f 
35. 0£ 
0.31 

32.95 
32.63 
0.32 

34.52  36.07 
34.25  35.79 
0.27'  0.28 

33.27 
32.99 
0.28 

34.91  36.06 
34.61  35.76 
0.3G|  0.30 

33.89 
33.63 

0.26| 

35.07 
34.78 
0.29 

36.10 
35.78 
0.32 

33.55 
33.33 
0.22 

34.90 
34.63 
0.27 

36.74 
36.44 
0.30 
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TABLE  54  — MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  CO\TERED 

WITH  SAND,  MARCH.  1914.  ^ 


Date— 
Maximum. 

Gravel. 



Sand. 

Loam.         1  Clay. 

PeaL 

minimum. 

6* 

12' 

18* 

6' 

ir 

18' 

6' 

12* 

18' 

6- 

12' 

18' 

6- 

12- 

18* 

ofMax... 

^\Min.... 

33.7 

33  4 

34.5 

34.2 

35.0 

34  7 

33.1 

32  9 

34.3 

34.1 

35.5 

35  3 

33.4 

.33.0 

34.6 

34.5 

35.6 

35  5 

34.0 

33.7 

35.0 

34.6 

35.9 

35.6 

33.4 

33  2 

34.8 

34  4 

38.5 

36  2 

,/Max  ... 

^\Min.... 

33.4 

33.2 

34.5 

34.0 

35.0 

34.6 

33.0 

32.6 

34.4 

34.0 

35.6 

35  4 

33.4 

32.4 

34.6 

34.4 

35.6 

35  3 

34.0 

33.5 

35.0 

34.6 

35.9 

35.4 

33.4 

33.1 

34.6 

34.3 

38.3 

38  0 

-  [Max  ... 

*\Min.... 

33.4 

33.2 

34.3 

34.1 

34.7 

34.6 

32.8 

32.7 

34.2 

34.0 

36.4 

35.3 

33.1 

33.0 

34.5 

34.4 

35.5 

35.3 

33.8 

33.7 

34.7 

34.6 

35.5 

35.5 

33.4 

33.2 

34.5 

31.3 

38.2 

36.0 

, /Max.... 

^•\Min  ... 

33.4 

33.2 

34.4 

34.1 

34.9 

34.6 

33.0 

32.6 

34.4 

34.0 

35.6 

35.2 

33.2 

32.8 

34.5 

34.3 

35.5 

35.2 

33.9 

33.6 

34.8 

34.6 

35.5 

35.4 

33.4 

33.0 

34.6 

34  2 

36.2 

35  9 

„f  Max.... 
*^\Min... 

33.4 

33.3 

34.4 

34.1 

34.8 

34.6 

32.9 

32.7 

33.9 

33.8 

36.0 

34.8 

33.1 

32.9 

34.5 

34.3 

35.5 

35.2 

33.9 

33.6 

34.8 

34.5 

35.5 

35.3 

33.2 

33.1 

34.4 

.34  2 

38.2 

35  9 

Max  . 

'  {  Min.. . . 

33.5 

33.3 

34.3 

34.2 

34.8 

34.7 

33.0 

32.9 

34.0 

33  9 

36.1 

34.9 

33.2 

33.0 

34.5 

34.4 

35.4 

:u.3 

33.7 

33.6 

34.7 

34.6 

35.5 

35.5 

33.2 

33.1 

34.4 

34  3 

36.1 

35  9 

of  Max  ... 

^\  Min  ... 

33.5 

33  3 

34.4 

34.2 

34.9 

.34.7 

33.2 

33.0 

34.4 

34.1^ 

35.4 

35  3 

33.1 

33.0 

34.5 

.34.4 

35.5 

35.2 

33.9 

33.7 

34.8 

34.6 

35.6 

35  4 

33.3 

33  1 

34.5 

34  1 

38.0 

35  8 

,„fMax  ... 

^"iMin.... 

33.6 

33.4 

34.6 

34.2 

35.0 

34.7 

33.4 

33.0 

34.4 

34.0 

35.5 

35.1 

33.3 

32.9 

34.6 

34.3 

35.6 

35.2 

34.0 

33.6 

34.9 

3-1.6 

35.6 

35  3 

33.4 

33.0 

34.4 

.34  1 

36.3 

35  8 

„  /  Max  ... 

"iMin... 

33.5 

33.3 

34.4 

34.1 

35.0 

34.6 

33.4 

33.0 

34.3 

33.9 

35.5 

35.1 

33.4 

.32.9 

34.5 

34.3 

35.4 

35.1 

34.0 

33.7 

34.9 

34.5 

35.5 

35.2 

33.3 

33.0 

34.4 

3^1  1 

38.1 

35  S 

.g/Max.... 

^"iMin... 

33.6 

33.4 

34.5 

34.3 

35.0 

34.7 

33.4 

33.1 

34.4 

34.1 

35.5 

35.2 

33.3 

33.0 

34.5 

34.4 

35.5 

35.2 

34.0 

33.6 

34.9 

34.6 

35.7 

35.3 

33.4 

33.0 

34.4 

34.2 

36.1 

.35.8 

r  Max  .. 

^3|Min.... 

33.6 

33.3 

34.4 

33.9 

34.9 

34.1 

33.4 

32.7 

34.4 

33.7 

35.5 

34.9 

33.2 

32  8 

34.6 

33  9 

36.5 

34.7 

33.9 

33  4 

34.8 

34.3 

35.5 

34.9 

33.4 

33.0 

34.4 

34.0 

36.0 

35  5 

/Max.... 

'*\Min.... 

39.2 

33.2 

38.4 

34.1 

35.3 

34.5 

36.5 

32.9 

34.9 

34.0 

35.1 

35.1 

33.0 

32.8 

34.2 

34.0 

35.0 

34.6 

33.6 

33.4 

34.6 

33.5 

35.3 

34.8 

33.1 

32.9 

34.0 

33.6 

85.7 

34  9 

,-fMax. ... 
l^^Min.... 

43.5 

37.1 

40.6 

38.2 

38.8 

37.5 

46.6 

36.4 

41.2 

37.7 

38.0 

37.2 

40.9 

35.7 

37.0 

35.8 

35.9 

35.5 

42.5 

36.8 

37.5 

36.5 

37.0 

36.6 

33.1 

33.0 

33.9 

33.8 

35.2 

35  0 

,-fMax.... 

37.2 

35.3 

37.7 

36.6 

38.1 

36.9 

37.2 

34.9 

37.7 

36  6 

38.4 

37.3 

36.4 

35.4 

37.9 

36.7 

37.1 

36.9 

36.9 

36.5 

37.6 

36  2 

38.1 

37.5 

33.1 

33  () 

34.1 

33  9 

3S.6 

35  5 

,^/Max.. 

^^  iMin  .. 

34.9 

34  4 

36.3 

35  7 

37.0 

3G  4 

34.4 

36.3 

35.9 

37.5 

36.9 

34.9 

34  4 

36.6 

36.2 

37.1 

36,9 

35.5 

35.0 

38.1 

35  6 

37.5 

37.1 

33.3 

33  1 

34.4 

34  4 

38.1 

36  0 

f  Max  . 

'   1  Min 

34.4 

34  0 

35.4 

35  I 

36.2 

H5  9 

33.4 

33  3 

35.4 

34  9 

36.8 

36  4 

34.3 

'•ili .  9 

36.0 

35. 6 

36.9 

36. 5 

34.9 

34  5 

36.1 

3.5  9 

37.0 

36  7 

33.4 

33.2 

34.6 

34.5 

36.4 

36.2 

\  Mm  

34.1 

33.9 

35.2 

34  7 

35.8 

35  4 

32.9 

32  4 

34.9 

34  3 

36.4 

.35  9 

34.0 

33.6 

35.6 

35.2 

36.6 

36.1 

34.5 

34  1 

35.8 

35  2 

38.5 

.36.2 

33.4 

.33  1 

34.8 

34  4 

38.6 
36  4 

f  Max 

2MMi?..;: 

33.9 

3;V6 

35.0 

34*6 

35.6 

35^2 

32.4 

31^9 

34  5 

Ml 

38.0 

35*6 

33.8 

33  4 

35.3 

34.9 

36.3 

^  35.9 

34.1 

33.9 

35.3 

34.2 

38.3 

36.0 

33.4 

33.3 

34.8 

34  5 

36.5 
36  4 

/  Max.... 

^•MMin... 

33.6 

.33.4 

34.5 

34  4 

35.1 

:m  9 

32.8 

32  6 

34.3 

.34.1 

35.6 

.35.4 

33.4 

33.2 

34.9 

34.6 

35.7 

35.5 

33.9 

33.6 

34.4 

33.9 

35.8 

35  5 

33.2 

33  1 

34.5 

34.4 

36.3 

36  1 

[Max 

\  Min.  .  . 

39.6 

:J3.4 

36.4 

34  2 

35.5 

34.  S 

40.2 

32.6 

"36.4 

34.1 

35.6 

35.4 

37.0 

33  1 

34.8 

34.5 

35.7 

35.3 

37.6 

33.5 

34.5 

34  2 

35.7 

35.4 

33.3 

33  1 

34.8 

34.3 

36.4 

35  9 

grf  Max  . 

^-"iMin... 

43.9 

35  () 

38.9 

35  4 

37.0 

35  6 

44.2 

34  4 

38.5 

34.9 

36.3 

35.5 

40.4 

34.3 

35.7 

35.0 

35.2 

35.1 

41.2 

34.7 

36.0 
34  4 

35.4 

35  4 

32.5 

32.4 

33.5 

33.4 

35.2 

35  0 

Oft  f  Max. . . . 

2^\Min  ... 

47.9 

37.4 

42.1 

37  8 

39.3 

37.7 

48.8 

36  5 

41.7 

37.3 

38.0 

37.1 

44.2 

36  6 

37.9 

37.0 

38.4 

36.2 

46.2 

37.1 

38.4 

37.1 

37.0 

36.8 

32.6 

32.5 

33.6 

33  4 

35.2 

35  0 

„  ^Max  ... 

"^MMin... 

42.5 

40  4 

43.1 

41.0 

41.9 

40  S 

42.0 

39  9 

42.8 

40  5 

40.5 

40  0 

43.1 

40  7 

41.2 

40.7 

38.7 

37.9 

43.4 

41.1 

41.6 

40.8 

39.8 

39.1 

32.7 

32.6 

33.9 

33.8 

35.4 

35  3 

«<j  f  Max. . . . 

^•^1  Min.... 

46.7 

37  1 

42.3 

38.5 

40.2 

38,  S 

47.3 

36.4 

42.2 

38  3 

39.4 

38.8 

44.5 

37.5 

39.4 

38.9 

38.8 

38.4 

45.0 

38  0 

39.8 

38.7 

39.5 

38.9 

33.0 

32.6 

34.1 

34.0 

35.8 

35.7 

f  Max  — 

■*"lMin.... 

43.6 

42.3 

43.7 

42.4 

42.8 

42  1 

43.2 

42  0 

43.2 

42  1 

41.7 

41  6 

44.0 

42.6 

42.6 

42.2 

40.6 

40.3 

44.4 

43.1 

42.9 

42.3 

41.5 
41.1 

39.2 

38.9 

37.3 

36.3 

37.7 

37.1 

f  Max.... 

Min.  .  .. 

47.6 

39.1 

43.9 

40.4 

41.9 

40.6 

49.2 

38  5 

44.2 

40.1 

41.2 

40.5 

45.4 

.39  7 

41.4 

40.7 

40.5 

40.3 

45.4 

40.0 

41.5 

40.6 

41.1 

40.7 

41.8 

3S.8 

38.4 

38.1 

38.7 

38  4 

(Max  . 
Ave.  Min 
[Range 

37.35 
34.84 
2.51 

36.93 
35.71 
1.22 

36.71 
36.07 
0.64 

37.10 
34.23 
2.87 

36.74  36.7/ 
35.48,  36.35 
1.28  0.42 

36.35 
34.58 
1.77 

36.17 
35.75 
0.42 

36.43 
36.10 
0.33 

36.97 
35.19 
1.78 

36.36'  36.74 
35.74  36.41 

D?gffizecf6y^ 

33.77 
<33.44 

J0 

34.81 

00 

36.19 
35.90 

SOIL  TEMPERATURE.  Ti 

TABLE  65.— MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  CO\'ERED 

WITH  SAND.  APRIL.  1914. 


Date- 
Maximum, 


Gravel. 


iir 


\r  I  18* 


ir 


18* 


Clay. 


6'   '  12*  1  18' 


Peat. 


45.7 
43.1 


41.0 

39.0 


42.5 

36.4 


36.9 

35.6 


34.9 

34.5 


37,3 
34.2 


34.3 

33.7 


34.9 

33.2 


39.0 

33.3 


42.3 


50.1 

35.8 

55.5 

38.9 

54.2 

45.4 

55.6 

45  3 

61.3 

46.0 

'  66.0 

63.0 

45.9 

44.1 

53.7 

41.5 

58.4 

48.8 

57.5 
46.4 

54.6 

49.0 

58.9 

51.9 

65.4 

51.3 

65.9 

56.9 

S9.0 

58.0 

66.9 

47.5 


42.7 
42.4 


42.2 

41.3 


40.5 

39.5 


44.0 

42.9 

41.8 

41.1 

41.3 

39.0 

38.3 

37.6 

37.1 

36.3 

36.6 

35  7 

38.3 

35.7 

35.2 

34.8 

36.9 

34.7 

39.4 

37.4 

43.5 

38.4 

47.4 

41.1 

49.0 

45.5 

49.8 

46  2 

53.1 
47.4 

56.5 

51.5 

48.6 

46.6 

48.4 

44.3 

52.3 

48.6 

52.8 

48.8 

51.2 
49.5 

54.4  , 

50.6  <  49.0 

68.7  I  54.5 

52.6    51  7 


38.1 

37.3 


38.7 

36.6 


37.1 

36.4 


30.3 

35.8 


36.5 

35.5 


38.3 

37.5 


40.5 

38.4 


43.5 

40.6 


46.9 

44.2 


46.8 

45.1 


48.9 

46  2 


51.9 

49  7 


49.5 

47.1 


46.4 

44.8 


49.2 

47.8 


49.9 

48.2 


49.0 
51,7 


60.6 

56.5  I 

58.4 

57.2  I 

54.7  I 

51.0 


56.8 

54.0 

56.9 

56.1 

53.2 

51.8 


45.9 

43.0 

40.8 

39.2 

43.1 

35.7 

37.4 

35.0 

34.5 

34.1 

37.7 

33.7 

34.4 

33.2 

35.4 

32.9 

41.3 

33.2 

44.3 

37.3 

52.3 

35.8 

56.9 

38.2 

54.6 

45.0 

56.2 

44.5 

62.2 

44.9 

65.4 

52.8 

45.5 

42.9 

55.3 

40.4 

59.5 

48.3 

58.1 

45.5 

M.8 

48.4 

60.6 

51.8 

67.1 

51.0 

69.4 

56.8 

59.0 

58.4 

59.2 

46.3 


80.26 
43.10 
7.16 


47.17;  45.52 
44.271  44.10 
2.90  1.42 


51.19 
42.63 
8.S6 


43.8 

42  7 


41.6  I 
40.9  I 


41.4 

38.9 


38.5 

37.7  I 


42.2 

41.8 


42.1 

41.4 


40.7 

40.2 


40.3 

39.5 


36.8 

35.8 

38.2 

35.6 

35.5 

35.1 

37.8 

34.7 

40.4 

37.7 

44.2 

38.6 

47.7 

41.1 

48.6 

45.1 

49.6 

45.8 

53.0 

46.8 

55.9 

51.0 

47.7 

45.0 

48.9 

43.9 

52.4 

48.4 

52.6 

48  2 

50.9 

49.0 

55.0 

60.3 

59.9 

52.8 

62.0 

56.4 

58.6 

57.2 

56.8 

50.8 


37.4  39.0 

36.4  38.1 


47.39 
44.09 
3.30 


37.8 

37.5 

37.8 

37.3 

37.1 

36.8 

30.8 

36.5 

38.2 

37.7 

40.0 

39.0 

41.9 

40.4 

44.1 

43.1 

45.0 

44.1 

46.5 

4.51 

49.0 

47  9 

48.7 

46.6 

45.7 

45.0 

47.9 

47.1 

48.7 

47.7 

48.9 

48  2 

50.3 

48.7 

52.8 

51.0 

54.9 

53.7 

55.6 

54.8 

53.1 

51.8 


44.9 

43.0 

41.1 
40.4 

41.7 

37.7 

36.6 

35.8 

35.4 

34.5 

35.2 

33.0 

34.1 

33.4 

33.3 

33.1 

35.6 

33.0 

39.2 

35.8 

46.4 

36.0 

52.2 

30.6 

52.2 

45.7 

53.8 

46.0 

57.9 

47.3 

61.6  I 

52.8 

47.4 

45.8  ^ 

51.4 

43.3 

55.6 

49.2 

55.4 

4S  3 

53.1 

40  0 

57.6 

51.4  ' 

62.8 

52.3 

64.2 

57.3 

59.9 

58.7 

56.5 

50  7 


42.6 

42.3 

42.4 

41.5 

40.6 

30.9 

39.9 

38.6 

38.0 

37.1 

36.7 

35.0 

38.4 

35.8 

35.7 

35.3 

35.3 

34.0 

36.8 

36.3 

39.1 

38.1 

42.0 

40.1 

45.1 

44.0 

46.2 

45.1 

48.0 

46.4 

51.2 

49.6 

50.7 

48.1 

46.6 

45.6 

48.6 

47  9 

49.8 

48  6 

50.0 

40.3 

51.1 

50.0 

53.6 

51.0 

56.4! 

55  2 

57.3  I 

56.7  ' 

54.5 

53  .2  , 


41.0 

40.8 


41.2 

41.0 


40.8 

40.3 


40.3 

30.7 


38.7 

38.2 


37.8 

37.4 


37.6 

37.1 


45.3 

43.3 


41.4 

40.6  I 


42.2 

37.8  , 


36.9 

36.0 


35.5  I 
34.7  I 


38.6 

34.4 


34.7 

34.2 


42.5 

42.2 


42.5 

41.3 


40.5 

30.5 


39.6 

38.4 


37.8 

36  0 


36.4  I 

36.2 


41.7 
41.4 


41.9 

41.4 


41.1 

40.4 


40.6 

30  6 


38.6 

38.1 


37.7 

37.4 


38.5  !^.7 

I  36.0  I  37.1 


37.1  I  33.7  '  35.7  i  37.2  34.5 
36.7    33.4    35.3    36.7  34.3 


43.3 

42.0 


41.9 

41.1 


40.9 

30.1 


38.6 

34.1 


37.4 

36.3 


35.8 

35  >  3 


35.3 

34.6 


36.6 

36.2 


36.6 

36.5 


38.1 

37.0  1 


39.3 

30.2 


41.5  , 

41.0 


36.3 

33.2 


40.1 

36.6 


45.7  I 

37.2 : 


51.0 

30.7 


51.2 : 

45.3 


35.2 

34.7 


37.2 

36.6 


39.5 

38.2 


42.4 

i  40.2 


45.2  ' 

43  .8  . 


36.6 

36.1 


38.8 

36.6 


38.8 

38.4 


40.0 

30.6 


42.4 

41.0 


43.0    52.6  I 

42.7  I  45.7 


44.0 

43  0  j 

45.9 

45.3 

48.4  I 

47.5  i 

46.6 

45.5 

I 

45.9 

45.8  \ 

47.0 

46.9 

47.5  ' 
47.2 

47.9 

47.6 

49.4  ' 

40.3  , 

51.4  ! 

51.1 

62.8  I 

52.5  I 

52.9 

51.7 : 


56.5 

4«  8 

60.4  ' 

52  2 

47.3 

45.8  I 

50.7  ' 
43.1  I 

54.9  ' 

4S.8 

i 

54.3 

47.4 

52.5  I 
48.0  ! 

57.6 

51.1 

62.5 

52.0 

63.9 

5G.9 

59.9 

58.5 

55.1 

50.1 


46.4  i  43.8  I 

45.0  !  43.6  I 

47.5  44.9 

45.8  I  41  7  1 


34.1 


35.4 

33.8 


38.6 

36.0 


43.0 

38.0 


45.4 

43.0 


47.0 

44  8 


50.2 

46  5 


50.9 

49.5 


47.0  I 

46  5 


50.1  i  49.3  , 

47.5  I  47  9  I 

46.0  I  46.7  j 

44.9    45  6  ! 

48.6  I  46.5 

47.5  46.3 

49.2  !  47.7 

48.0  I  47.3 

49.4 : 

48  6 


44.81 
43.88 
0.93 


48.66  45.181 
43.68  44.13 
4.98-  1.06 


43.43; 
43.04 
0.391 


48.42 
43.49 
4.93 


61.3 

40.7 

53.9 

51.4 

56.7 

54.8 

57.3  : 

56.5  ' 

53.9 

52.3 


48.0 

47.7 

48.4 

48  1 

50.5 

I  50.2 

52.6 

52  1 

53.9 

53.8 

53.6 

52.1 


45.06  44.00 
43.88j  43.48 
1.20' 


50.4 

49.6 

48.0 

48.4 

45.9 

51.4 

49.0 

51.5 

48.0 

50.9 

49.6 

54.3 

51.0 

57.5  I 

53.8 

61.2 

57.7 

60.6 
59  6 

55.8 

53.9 


46.02 
43.94 
2.06 
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TABLE  56.--MAXINfUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  COVERBD 

WITH  SAND,  MAY,  1914. 


Date- 
Maximum, 
minimum. 


GraveL 


54.8 

46.7 


60.7 

46.5 


62.0 

54.2 


60.8 

57.4 


58.6 

53.4 


55.8 

50.0 


54.6 

50.6  , 


62.6  I 
47.2  ! 


12*  18' 


52.2 

49.6 

54.0 

49.5 

57.3 

54.4 


51.6 
50.1 

51.4 

49.5 

54.7 

53.4 


56.9  I  55.4 

66.1  I  65.1 


'  57.1  I 
I  54.8  j 

;  54.3 

63.0 

'  53.4  ' 
51.9  ' 

56.1  ' 

I  50.3 


55.6  I  57.7 

50.6  I  53.4 


Ave.  {  Min 
(  Range 


47.3 

46.0 

53.4 

44.9 

54.8 

44.0 

58.6 

45.1 

61.8 

47.5 

68.1 

53.2 

I 

71.1 

50.0 

72.2 

59  2 

72.9 

61  1 

70.8  ! 

64  .3  I 

70.1 

57.4  I 

73.7  ' 

58. « 

77.9  i 

G6.0 

73.6 

69.0  I 

70.9 

60.1  I 

76.9 

63.3 

74.2  ' 

(>5.0 

64.42 
54.75 
8.87 


48.0 

48.4  I 

50.3  I 

47.3  I 

52.4 

47.5  I 

63.4  I 

48.8 

54.7  ; 

50.6  ; 

60.3  ! 

55  .0  I 

62.8  ' 

57.5 

64.4  ! 

0()  0 

65.3  I 

01  0  •! 

65.6  I 

()3.1 

64.1  I 

60.4  ] 

65.3 

58.5 

69.3 

04  .9  , 

68.8 

67.0  I 

67.3 

65  .6  I 

70.2 

64.1  I 

69.2 

66.2 

59.67' 
56.13 
3.54i 


55.1 

54.1 

53.9 

52.9 

52.7 

52.0 

53.0 

50.8 

57.3 

54.3 

50.9 

49.5 

49.3 

48.2 

50.5 

48.4 

50.9 

49.1 

52.0 

50.5 

56.4 

53.9 

58.4 

56.4 

60.4 

5S.4 

61.7 

60  1 

62.5 

61  8 

61.3 

59.9 

61.4 

.'>8.4 

64.9 

03.1 

66.1 

65.7 

65.5 

6-1.6 

66.2 

63.9 

66.5 

65.1 


Sand. 


6' 


12-  18* 


56.8 

45.3 


62.8 

45.0 


62.8 

53.8 


61.4 

56.9 


61.4 

52.1 


56.8 

48.8 


54.9 

49.6 


65.0  I  56.9 
45.7  '  49.8 


49.4 


54.4 

49.0 


57.6 

54.2 


56.8 

55.7 


57.5 

.54  2 


54.5 

52.7 


53.4 

51.5 


54.4  I 

49.4  , 


46.5 

45.0 


M.6  I 
44  1 


57.0 

42.4  ! 


62.1 

43.9 


57.6 

52.8 


48.4 

48.0 


50.5 

47.0 


53.4 

47.3 


54.2  I 
48.7 


52.1 

50.5 


50.6 

49.6 


53.4 

52.5 


54.2 

53.9 


54.1 

53.3 


53.6 

52.6 


52.4 

52.0 


52.1 

rjQ.6 


S6.3 

54.0 


51.3 

49.9 


49.2 

48.8 


50.0 

48.8 


50.4 

49.4 


64.4    55.3  ,  51.4 

46.7    50.6  1  50.5 


69.8 

52.3 


73.3 

55.0 


73.4 

58.3 


60.7  54.4 

54.5  I  53.3 

62.9  ' 

57.1  1 


64.4 

59  6 


73.6  ,  64.6 

59.9  I  01.1 


71.6 

63  8  ' 

71.5  I 

55.4  I 

76.1 

5H.1  I 

79.9 

60. 8  I 

73.9 

68.4 

74.5 

65.3 

76.8 

63.5 

78.4 

63.5 


65.5 

02  5 

64.2 

59  7  ' 

66.1 

58  2  I 

69.0 

64.1 


I 

66.9 

68.1  I 

65.1 

70.3  I 

64.7 

69.3  1 

0.V3  ' 


56.2 

55.1 

58.1 

56.9 

59.3 

58.4 

60.6 

(50.0 

60.0 

58.7 

59.6 

57.7 

62.8 

61.5 

64.6 

64.2 

64.1 

63  4 

64.2 

02.9 

64.7 

03.8 


57.31;  65.80;  59.88  56.14 
55.74  53.77  55.76  55.09 
1.57  12.03    4.12  1.05 


Loam. 


12-  18' 


54.2 

48.6 


52.6 

51.2 


58.3  I  51.3 

48.0  '  50.1 

60.5  ,  54.6 

55.0  53.9 

58.6  55.9 

57.5  1  55.5 


51.6 

50.6 

50.4 

49.6 

51.3 

51.1 

52.4 

52.1 


50.6    55.6  52.9 

54.8  I  54.8  ,  52.6 

55.2  ,  54.8  !  52.9 

51.8  1  53.6  1  52.3 


54.4 

51.7 


53.3  ; 

52.8 


52.1 

51.5 


60.1    52.5  51.1 

48.6    51.3  j  50.9 

57.5  !  57.5  '  53.9 

52.0    55.1  I  53.4 


47.3 

46.8 


51.8 

45.6 


53.9  I 

45.2 


51.4 

49.9 


49.0  ! 

48.4  , 


49.6 

48.4 


52.6 

51.1 


50.0 

•49.1 


49.3 

48.7 


49.4 

48.9 


56.5  '  50.1  I 

46.6  49.0  ; 


58.6  I  51.4  49.8 

48.9    50.3  ,  49.5 


66.7  *  55.6  I  51.9 

54.4    54.1  ,  51.8 


58.1  53.5 

56  6  63.3 


68.8 

57.3 


70.3  I  60.3 

60.3  1  59.0 


71.1 

62.0 


69.4 

65.1 


59.6 


61.9 

60  9 


63.1 

C2.5 


62.4 

61.1 


71.4  61.2 

59.3  I  59.2 


75.8 

66.7 

72.8 

69.7 

70.6 

67.5 

76.6 

6-1.8 

73.8  I 

60.9  I 


64.8  , 

6.3.4  I 

67.7 

00  7 

66.6 

05.9 

66.4 

04  8 

67.1 

06.5 


55.1 

55.1 


56.9 

56.7 


58.3 

57.9 


58.2 

57.7 

57.2 

50.1 

58.4 

61.9 

61.9 

62.4 

62.1 

62.2 

61.9 

63.0 

62.9 


63.18 
55.95 
7.23 


57.49j  54.64 
56.35,  54.18 
1.14;  0.46 


Clay. 


12*  !  lO' 


54.0 

47.8 

58.4 

47.9 

60.9 

55.1  I 

60.0 

67.8  1 

60.0 

54  .8  I 


51.5 

49.9 

50.5 

49.2 

54.4 

53.0 

55.2 

54.8 

54.7 

53.9 


54.9    52.5  I 

52.1  I  51.9  I 


61.1 

48.8 


57.6  I 

51.8  I 


47.3  , 

46  4  ' 


52.2  ; 
45.5  I 


54.6 

45.2  ' 


,  52.9 

J  51.1  j 

57.9 

54.8  I 

50.5 

49.1 

48.7 

47.9  I 

50.0 

48.0  I 


57.8  I  50.8 

46  8  1  48  .9  I 


59.8 

49.4 

66.0  I 

54.6  ' 

I 

68.9 

57.3 

70.1  I 

60.3  I 

70.8 

61.9  < 

70.0  ! 

65.0  I 

68.9 

59.7  I 

71.3  ! 

69  .3  I 

75.8  ' 


51.9 

50.6 

50.7 

49.9 

52.6 

52.2 

53.6 

53.5 

54.1 

53.5 


55.9    53.8  53.9 

52.1  I  52.8  ,  53.2 


72.8 

69.9 

70.9 

67.3 

76.8 

64.9 

74.2 

66  .7 : 

63.5C 
55.97| 


62.0 

50.9  I 

56.6  ' 

54.4  I 

58.7 

56.6 

60.5 

59.1 

62.2 

60.6 

63.2 

62.5 

62.1  I 

60.7 

61.7  ! 

59.2 

65.4  I 

63  .8  I 

67.3  I 
66.7 

66.4 

65.8 

67.1 

64.8 

67.0 

66.1 


53.0 

52.4 


52.2 

51.5 


55.2 

54.9 


52.7 

50.9 


49.8 

49.0 


49.7 

49.1 


50.0 
49  6 


50.8 

50.5 


53.4 

53.1 


55.0 

54.8 


56.9 

56.8 


58.5 

58.3 


59  8 

60.5 

59.6 

58.5 

58.2 

61.2 

60.4 

63.4 

&3.3 

63.8 

63.4 

63.6 

63.1 

64.7 

64.2 


57.45 
56.02 


55. 7£ 
55.22 


7.53!    1.43  0.52 


6'   1  12-  I  IS* 


63.6 

50.8 

56.3 

50.5 

58.5 

56.5 

58.5 

57.9 

58.6 

56.5 


56.9  54.9 

54.4  I  54.4 

54.9  54.2 

53.5  I  53.7 

57.1  i  53.6 

52.3  I  52.9 


se.5 , 

55.3 


49.1  , 

48  .0  I 


49.4 

47.1 


51.9 

47.8 


53.2 

48.9 


54.3 

51.3 


60.7 

55  2 


64.1 

58.2 


66.4 

61.6 


68.2  I 

65  7 

I 

66.8 

63.0 

67.9 

61.4 

72.6 

67.7 

71.5  I 

70.1  I 

70.2  t 

68.7  I 

73.4 

67.7  I 

72.8 

69.4  1 


61. 2E  56.68  55.05 
57.81;  56.18,  54.62 
3.44    0.50  0.43 
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TABLE  57.- 


-MAXIMUM  AND  MINIMl'M  lEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  COVERED 
WITH  SAND,  JUNE.  1914. 


Date- 
Maximum, 
minimum. 


Gravd. 


Sand. 


12-  ;  ir  i  6* 


12* 


18' 


Loam. 


12- 


18* 


Clay. 


12*  ;  18' 


Peat. 


12' 


,/Max... 

MMin... 

A  i  Max. . . 

-\Min... 

,/Max... 
4/Max... 

.fMax... 

^iMin..., 

./Max... 
o/Max..., 

g/Max... 

''iMin.... 

i«{Mi?.::: 
i2{SJsr;;:: 

,5/Max..., 

••{SJS:::: 

,ofMax.... 
,Q  f  Max..., 

^«{!JS:;:: 
2^(Mi?:;:: 


Ava.{Min. 


78.0 

65.5 

77.1 

62.4 

71.3 

64.1 

66.7 

65.0 

68.1 

58.3 

72.8 

56.9 

85.7 

70.6 

86.7 

74.1 

87.4 

75.1 

81.9 

73.8 

81.5 

70.1 

78.9 

70.5 

78.2 

68.7 

77.4 

63.4 

79.8 

64.3 

80.9 

66.6 

70.1 

66.7 

72.7 

57.7 

75.0 

64.7 

78.9 

69.7 

82.9 

71.1 

83.6 

72.0 

73.8 

60.3 

69.1 

64.2 

65.8 
58.4 

75.4 

57.7 


76.83 
66.19 
10.64 


71.0 

66.6 

70.0  I 
65.6 

68.3  I 

66.1  - 

65.9  ! 

65.4  I 

63.8 

61.4 

66.5 

59.0 

75.9 

69.5 

78.0 

73.2 

79.2 

74.9 

76.0 

73.7 

75.3 

71.4 

74.6 

71.7 

73.6 

70.4 

71.2 

67.0 

72.3 
67.4 

73.5 


71.1 

67.9 

67.5 

62.6 

68.4 

64.9 

72.8 

68.5 

75.4 

70.9 

77.4 
72  4 

74.0 

73.2 

70.0 

68.2 

64.6 
62.4 

68.9 

62  3 


67.2  I 
65.4 


79.2 

64.6 


66.6  78.3 

64.9  i  59.9 


66.5 

65  .3  I 


65.6 

65.0 


62.6  I 

61.8  I 


62.7 

60.6 


70.8 

68.2 


73.4 

71.2 


71.4 

62.7 


66.4 

&1.2 


68.0 

56.7 


75.0 

55.7 


88.2 

70.6 


87.1 

73.5 


74.9  I  87.0 

73.1  ,  74.1 


74.1  ! 

72.9  I 

72.5  i 

71.2  I 

72.0  i 
70.9  j 

71.1  I 

69.8 

69.1  ' 

67.6  I 

68.2 

67.5 

70.2  i 

68.5  ' 

70.6 

68.0 

65.5 

63.8  ^ 

66.1 

64.8  I 

69.5 

67.5 

71.6  I 

69.8  J 

73.4 

71.2 

73.5 

72.2  ; 

60.9  i 

68.8 

64.7 
63.8 

65.7 

63  2 


81.5 

72.2 


80.6 

68.9 

78.1 


77.4 

67.2 


78.1 

62.0 


78.3 


79.1 

05.0 


69.0 

66.0 


73.2 

55.3 


75.4 


70.7 

66.0 


70.1 

64.7 


68.2 

65.4 


65.4 

65.1 


64.2 

60.8 


66.6 

59.9 


78.6 

69.6 


77.3 

72.8 


78.1 

73.4 


74.0 

71.5 


74.3 

70.3 


72.8 

69.8 


72.7 

69.7 


70.1 

66.2 


71.2 

66.3 


72.2 

67.8 


70.3 

67.1 


67.3 

61.6 


68.0 


64.0  64.6 


82.6 

68.8 

84.9 

71.1 

85.8 

71.6 

75.9 

66.2 

67.9 

67.2 

69.4 
53.4 

73.1 

58.1 


65.4 

64.3 

66.4 

63.8 

65.4 

64.3 

64.6 

64.1 

62.5 

61.5 

62.1 

60.8 

68.0 

66.3 

70.2 

68.9 

71.4 

70.3 

71.8 

70.5 

70.5 
69.4 

70.0 

09.1 

69.4 

68.5 

68.5 

66.9 

67.7 

66.5 

68.3 

67.1 

69.1 

67.3 

64.9 

63.8 

65.2 
64.6 

88.0 

66.8 

70.1 


72.3 

67.4 

78.3 

71.1 

78.0 

72.4 

73.5 

72.7 

60  9 

68!3  I  68.0 

65.1  65.1 
62.1  64.2 


70.0 

62.3 


71.2 

70.0 

72.0  I 

70.7 

69.3 


65.1  ; 

63  6  ' 


76.9 

67.1 

75.3 

64.6 

71.2 

65.9 

66.9 

66.4 

66.0 

60.5 

70.2 

58.6 

83.4 

71.1 

84.9 

74.7 

85.9 

76.5 

80.8 

75.1 

80.6 

71.9 

78.8 

71.8 

77.9 

70.1 

78.1 

65.4 

77.8 

65.9 

78.9 

67.9 

71.1 

68.4 

71.3 

59.8 

72.6 

65.3 

77.3 

69.9 

80.7 

71.9 

83.4 

73.3 

75.4 

74.2 

72.9 

68.6 


73.8 

01  1 


71.01  60.19  77.19,  71.36  67.73!  76.03 
67.94|  67.58  65.02!  67.27  66.55  67.99 
3.07    1.61  12.17|   4.09    1.18  8.04 


67.5 

66.4 

87.7 

66.0 

67.5 
66.4 

66.7 

66.1 

64.1 

63.0 

62.6 

61.5 

70.0 

68.0 

73.0 

71.5 

74.9 

73.6 

75.1 

73.9 

73.6 

72.3 

73.0 

71.8 

71.8 

70.7 

70.5 

68.7 

69.5 

68.0 

70.1 

68.8 

71.1 

68.9 

66.4 

65.0 

66.1 

65.4 

68.1 

67.9 

71.3 

70.0 

73.2 

71.8 

74.1 

73.0 

71.3 

70.0 

66.2 
64.8 

65.4 

f»3.9 

68.68 
68.36 
1 


63.4 

63.1 


64.1 

63.4 


63.9 

63.6 


63.9 

63.6 


63.0 

62.0 


81.7 

60.8 


63.8 

63.1 


66.3 

65.6 


68.1 

67.9 


69.2 


69.5 

68.7 


68.4 

67.9 


67.0 

66.3 

66.9 

66.5 

67.4 

67.0 

66.3 

64.8 

64.3 

63.9 

64.9 

64.6 

66.5 

66.2 

67.9 

67.8 

60.3 


69.3 

68.2 

66.2 
64.8 

64.4 

63.7 


78.5 

67.3 


74.7 

64.3 


70.8 

65.4 


66.8 

66.3 


66.4 

60.0 


67.9 

66  .2  I 


65.0 

64.7 


67.4  I  65.6 

65  .6  I  64  .6 


66.9  65.4 

65.7  64.7 


74.1 

69.1 


73.0  , 
67.8 


66.9 

66.6 


67.4 

66.7 


66.3 

65.7 


63.6 

62.3 


70.7  63.1 

58.8  61.4 


82.9 

71.1 


64.1 

74.4 


85.1 

76.0 


80.3 

74.5 


80.0 

71.4 


78.0 

71.3 


77.4 


75.5 

65.0 

77.1 

65.4 

78.3 

67.1 

70.4 

67.9 

71.2 

59.6 

73.1 

65.2 

77.9 

69.8 

80.9 

72.1 

83.1 

73.3 

75.2! 

73.9 

73.1 

68.1 

67.1 
61.6 

73.8  I 

61.2 


70.9 

68.1 


73.3 

71.2 


74.4 

72.7 


73.9 

72.4 


72.1 

70.6 


71.4 

70.2 


70.6 

69.3 


68.2 

60.3 


60.3 

67.2 


60.9 

67.8 


65.0 

63.5 


64.6 

89.7 

67.1 

72.1 

70.4 

73.5 

71.6 
74.1 

72.9 

70.7 

69.6 

65.4 
64.3 

65.6 

63  5 


68.281  75.78  60.22 
65.67!  67.72  67.58 
0.81    8.06,  1.64 


64.9 

64.6 


63.8 

62.7 


62.4 

61.6 


65.7 

65.1 


71.1  67.3 

68.4  ,  66.9 


68.7  I 
68.1 


66.4 

64.0 


87.4 

62.9 


80.1 

72.4 


68.4  82.8 

67.9  76.9 


70.2 

70.0 


84.8 

78.9 


71.3  80.5 

70.6  ;  77.7 


70.8  I 

69.9  , 


70.3 


80.6 

75.8 


79.6 

75.9 


60.6  ,  78.4 

68.9  '  74.4 


68.3  ' 

67.8  I 


67.1 

88.1 

67.5  ' 

68.7 

68.0  ! 

66.8  I 

65.2  I 

I 

65.1 

64.7 

66.4  i 

65.9  ! 

68.2 

67.9 

69.7  I 


71.1 

70.6 

70.4 

60.8 


65!l  I  64!6 


65.0 

64.3 


71.3 

65  3 


75.9 

70.6 

76.6 

70.4 

77.8 

71.7 

74.4 

71.2 

I  70.6 
I  65.2 

I 

69.8 

66.9 

74.8 

I  70.5 

77.8 

73.1 

'  80.5 

j  74  .6 

'  76.5 

75.5 

71.8 


67.57  75.08 
66.671  70.84 
0.80  4, 


66.6 

66.2 

65.1 

64.8 

63.0 

66.9 

66.2 

70.0 

69.4 

72.5 

72.1 

74.1 

73.8 

74.1 

73  4 

73.9 

73.4 

73.1 

72.4 

72.5 

71.1 

71.3 

70.4 

71.1 

70.5 

71.4 

70.8 

89.8 

68.3 

67.1 

66.7 

67.7 

66.4 

89.7 

69.2 

71.2 

71.0 

72.8 

72.7 

72.6 

71.5 

60.4 
67.9 

67.5 

66.7 

60.93 
09.22 
0.71 
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TABLE  SM  -MAXIMl'M  AND  MINIMUM  TRMPKRATURK  OF  DIFFERENT  TYPES  OF  SOIL.  COX'ERED 

WITH  SAND.  JULY,  1914 


Date- 
Maximum, 
minimum. 


Gravel. 


66.8 

64.5 

68.5 

61.4 

77.8 

60.0 

72.3 

66  6 

85.0 

70.0 

84.6 

71  4 

84.9 

73  5 

86.0 

72.4 

88.6 

73.9 

87.4 

77  5 

80.4 

76.0 

73.6 

72.4 

77.9 

69.8 

85.2 

71.0 

88.3 

74  6 

76.6 


83.6 

♦j7.7 

83.9 

71  2  , 

85.6 

73  I 

79.4 

76.9 

80.1 

73.9 

86.4 

72  1 

78.8 

75.5 

78.3 

68.9 

79.6 

69.* 

81.0  I 

60  0 


12' 


66.7 

65.4 


66.3 

63.3 


70.4 


18' 


66.7 

65  4 


66.0 

63  9 


66.8 

64  1 


71.0  68.3 

67.9  67.8 


76.9 

j  71.5 

i  77.5 

i  73  .1 


I  77.6  1  74.1 

73  5  I  72.6 


72.6, 

70.3 


73.6 

71.6 


78.2 

73  9 


80.2 

75.0 


80.8 

77.4 


74.6 

72  7 


76.1 

74.  S 


77.4 

75.8 


Sand. 


6' 


77.0  ;  78.8 

76.9  76.8 


73.8 

73  0 


74.1 

72.6 


73.6  71.8 

70.7  70.9 


77.6 

72.0 

79.9 

75  6 

75.2 

73.. S 

75.9 

70  0 

77.8 

,  72  9 

79.6 

75  4 

77.6 

76  9 

77.4 

74.3 

80.3 

74.5 

77.6 

77.0 

74.9 

72.1 

74.3 

60.0 

75.1 

70.3 

75.8 

71  7 


66.9 

63.1 


71.4 

60.2 


79.9 

60.0 


72.7 

60.2 


85.9 

68.8 


84.7 

69.8 


84.4 

72  4 


85.4 

70.6 


87.7 

72.3 


88.3 

76.1 


79.6 

73  9 


73.9 

71.7 

76.6 

74.4 

75.5 

73  5 

72.4 

70  0 

74.3 

72  3 

76.1 

74  1 

76.9 

75  9 

75.4 

74.2 

76.8 

74.0 

77.3 

76.3 

73.7 

72  6 

71.9 

70  4 

72.4 

70  0 

73.3 

71  S 


12'  1  18*  I  6* 


66.8 

65.3 


66.9 

62  9 


71.4 

63  5 


71.4 

67.6 


77.1 

71.1 


77.4 

72  4 


77.3 

73.1 


66.5 

65.1 


64.5 

63.8 


65.9 

63  9 


67.1 

66  4 


70.5 

69.2 


68.9 

65.2 


89.3 

62.6 


75.8 

62.9 


75.7 

67.9 


82.8 

71.3 


71.4  82.9 

70.3  .  72  6 


72.0  I 
71.1 


77.9  I  72.4 

73  3  I  71.3 


79.8 

74.5 


73.5  , 

72.2  ] 


83.1 

74.4 


84.1 

73.7 


88.6 

74.9 


80.1  I  74.7  88.1 

76.6    74.0  1  78.2 


78.7  ,  75.3 

76  0    74.3  ; 


72.6  73.3 

71.0  '  72.5 


78.4 

as. 7 

88.6 

70.1 

87.3 

75.1 

76.1 

71  3 

83.6 

06  1 

84.1 

09,9 

85.6 

73  1 

78.3 

76  6 

77.8 

72.1 

84.9 

70.9 

77.8 

•74  0 

77.8 

60.6 

78.9 

68.5 

80.8 

63  4 

78.4 

07  2  1 


73.6 

70  .4  j 

79.1  ' 

71.6 

80.5 


74.8 

73  6  , 

76.1 

69  S 

77.5 

72  6 

79.2 

74  9 

77.1 

76  4 

77.1 

74.5 

79.9 

74.0 

77.0 

76  2  j 

74.7 

71  3 

74.4 

(is  9 

75.1 

m  8 

75.4 

71  3 


79.6 

77.7 


73.4  ;  74.6 

71.9  :  74.4 


71.2 

70.4  I 

72.8 

70  .9  j 

74.9 

73.7  ■ 

74.8 

72.  S 

71.2 

69.7 

72.6 

71.5 

74.0 

72.9 

75.2 

74.4 

74.0 

73.3 

74.6 

72.9 

75.8 

74  8 

73.0 

71.9 

71.8  j 

70.1 

71.6  ; 

70  .3  ; 

72.2  ' 

71.3 


77.1 

71.4 

84.0 

72.5 

85.4 

76.9 

76.5 

74.5 

81.8 

69.2 

83.2 

72.3 

85.4 

75.5 

80.3 

78  4 

77.3 

75.9 

85.9 

74.6 

78.8 

77.6 

78.7 

72.0 

79.1 

70.0 

80.0 

ftS  8 

79.9 

71.4 


12* 


67.0 

65.9 

65.1 

64.6 

68.4 

M.7 

68.2 

67.4 

72.3 

70.8 

73.6 

72.2 

74.4 

73.4 

74.6 

73.6 

76.2 

74.6 

77.7 

76.6 

77.9 

77.0 

75.6 

74.1 

73.0 

72.1 

74.1 

72  6 

76.6 

75.4 

78.6 

74.6 

72.6 

70.9 

74.1 

72.8 

76.1 

74.5 

77.4 

76.6 

76.0 

73.9 

76.9 

74  8 

78.0 

76.9 

75.0 

73.9 

73.4 

71.7 

73.0 

71  5 

73.4 

72  3 


18' 


64.6 

64.4 


64.3 


63.9 

63.6 

65.0 

64.7 

67.3 

67.1 

68.7 

68.6 

68.8 

60.6 

70.3 

70.1 

71.0 

70.9 

72.1 

71  9 

73.7 

73.4 

72.9 

71.9 

71.2 

70.3 

70.4 

70.1 

71.5 

71.3 

72.6 

72.0 

70.0 

69.5 

70.4 

70.1 

71.4 

71.2 

72.7 

72.5 

72.7 

72.4 

72.5 

72.1 

73.9 

73.7 

73.2 

72.2 

71.8 

70.8 

71.1 

70.1 

70.8 

70  4 


;  Max 
Ave.  {  Min 
( Range 


80.74  75. f9  73.50  80.58|  75.84  72.11  80.03i  73.90 
70.88  72.28  71.86  69.331  71.86  70.90i  72.471  72.58 
9.86    3.61     1.64  11.25    3.98    1.211    7.561  1.32 


70.36 
69.94 
0.42 


Clay. 


^r  18' 


88.9 

65.1 


69.9 

62.5 


78.2 

63.1 


87.0 

66  7 


85.1 

64  0 


67.0 
64  5 


75.6  I  88.6 

67.9  i  67.4 


82.1 

70.8 

82.3 

71.8 

82.5 

73.8 

83.3 

72.7 

85.7 

74.1 

85.5 

77.4 

79.5 

77.0 

74.4 

73.9 

77.0 
71  2 

83.4 

72.2 

84.3 

76.1 

75.6 

73.4 

80.5 

68  5 

82.1 

71.3 

84.1 

74.5 

79.8 

77.8 

76.7  I 
75.4 

84.6 

74.0 

78.1 

76.6 

78.3 

71.4 

78.2 

69.8 

78.9 

67.8 

78.9  ; 

70.5 


71.9 

69.8 

73.2 

70.9 

73.8 

73.3 

73.9 

72.1 

79.3 

73.3 

78.9 

75.1 

76.8 

75.9 

74.4 

73.6 

72.4 

71.7 

73.8 

71.8 

76.5 
74.6 

79.5 

73.5 

72,1 

60.9 

72.7 

72.0 

73.9 

73.5 

75.1 

74.4 

74.7 

72.3 

76.5 

73.4 

78.4 

74.9 

72.8 

71.8 

71.4 

70.3 

71.1 

09.6 

72.3 

70.0 


79.42  73.00 
71.901  n.46 
7.52,  1.55 


65.7 

65.3 


e5.v 

64  .4  ' 


85.0 

64.6 


68.3 

66.2 


09.2 

67.6 


88.9 

65.4 


73.6 

66  5 


73.8 

70.2 


09.0  i  81.1 

68.8  I  74.5 


70.4 

70.0  I 


71.2 

70.9 


71.9 

71.3 


72.6 

72.2 


73.8 

73.4 


74.8 

74.5 


73.9 

72.8 


81.9 

76.2 


82.2 

77.0 


83.1 

77.4 


85.4 

78.3 


85.9 

81.2 


81.1 

80.6 


77.8 

76.5 


72.0  76.9 

71  1  I  74.1 


71.4 

71.1  ' 

73.1 

72.9 

74.0 

73.0  ; 

70.7  ' 

70.1 

71.4 

71  1 

72.7 : 

72.2 

74.0 

73.8 

74.0 

73.5 

73.4 

73.4 

75.3 

74.6 

74,1 

72.9 

72.5 

71.4 

71.8 

70.9 

71.7 

71.1 


71.56 
71.02 
0.54 


81.5 

75.2 

84.1 

78.9 

78.6 

77.3 

79.6 

73.0 

81.7 

75.9 
84.1 

78.5 
81.1 

80.3 

80.6 

77.9 

84.6 

77.4 

80.6 

80.2 

78.8 

76.5 

78.1 

72.8 

78.3 

72.8 

78.8 

74.2 


79.87 
76.39 
4.28 
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TABLE  59.-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  COVERED 

WITH  SAND,  AUdUST.  1914. 


Dat<»— 
Maximum, 
minimum. 

Gravel. 

Sand. 

Loam. 

Clay. 

PeaL 

6' 

12' 

12' 

18' 

6' 

12- 

18' 

6' 

12' 

18' 

6' 

12' 

18" 

1  J  max  — 

M  Min.... 

82.1 

70.8 

77.1 

73.4 

74.5 

72.9 

80.4 

69.8 

78.5 

72.9 

72.6 

71.8 

81.5 

72.6 

74.2 

73.1 

70.9 

70.8 

80.7 

71.7 

72.6 

70.4 

71.9 

71.6 

80.4 

75.6 

74.6 

74.1 

72.6 

72.5 

r  Maw 

o  )  max. . . . 

^\Min.... 

Be.  1 
71.1 

73.6 

74.6 

73.2 

oi  n 

69.3 

76.6 

72  8 

73.2 

72.1 

82.0 

73.3 

74.8 

73.8 

71.8 

71.5 

81.0 

72.3 

73.4 

72.2 

72.9 

72.4 

80.6 

76.3 

75.4 

74.9 

73.3 

73.2 

t  1  Max  — 

*\Min.... 

83.3 

68.7 

76.9 

72.3 

74.1 

72.5 

81 .8 

67.4 

75.8 

71.4 

73.0 

71.7 

81.6 

70.8 

74.6 

73.1 

72.0 

71.4 

80.6 

69.8 

73.0 

70.7 

73.1 

72.1 

79.2 

74.6 

75.7 

74.9 

73.5 

73.4 

c  f  Wax  — 

^\Min.... 

83.8 

70.4 

77.0 

72  7 

74.1 

72.8 

VI. £ 
68.9 

75.8 

71.8 

73.1 

71.0 

81.8 

71.7 

74.6 

73.2 

71.9 

71.2 

80.6 

70.6 

72.5 

70.8 

72.9 

72.0 

79.8 

74.5 

79.5 

74.9 

73.6 

73.3 

f.  ]  max  — 

®\Min.,.. 

19,1 

72.5 

73.7 

74.7 

73.7 

01  .U 

71.6 

7R  Q 

72.9 

79  R 
10,9 

72.6 

81.2 

73.6 

74.9 

74.0 

71.9 

71.5 

80.4 

72.6 

72.9 

72.2 

72.9 

72.5 

79.5 

75.1 

75.6 

75.0 

73.5 

73.5 

•J  1  Max  — 

'I  Min.... 

86.0 

73.5 

79.3 

74.8 

78.1 

74.1 

84.6 

71.8 

78.0 

73.9 

73.8 

72.9 

84.8 

74.6 

75.9 

74.6 

72.1 

71.9 

83.6 

73.6 

74.1 

72.8 

73.4 

73.0 

82.6 

77.3 

75.6 

75.4 

73.6 

73.6 

Q  [  max  — 

M  Min.... 

Of  .V 

74.0 

ttn  n 

75.7 

76.9 

75.0 

PR  0 

73.0 

70  A 
(0.0 

74.6 

74.9 

74.0 

85.8 

75.3 

76.8 

76.5 

72.9 

72.9 

84.6 

74.1 

74.9 

72.9 

74.3 

73.9 

83.1 

78.0 

76.6 

76.3 

74.1 

73.9 

J  Max  — 

'"\Min.... 

80.1 

75.3 

76.9 

76.4 

76.8 

75.8 

78.3 
74.4 

76.1 

75.6 

75.4 

74.6 

79.1 

76.4 

77.3 

76.5 

74.1 

73.9 

78.7 

75.7 

75.8 

75.0 

75.3 

74.8 

79.1 

78.0 

77.6 

77.3 

75.3 

75.0 

,«  /  Max — 

78.6 

73  1 

73.7 

71.5 

73.7 

72.4 

76.9 

72.6 

73.8 

70.7 

73.1 

71.8 

76.2 

71.5 

74.9 

73.9 

73.5 

72.3 

75.9 

70.8 

73.8 

72.0 

74.3 

72.9 

77.0 

74.6 

76.9 

75.3 

75.4 

74  9 

19  ( Max  — 

*^\MiD.... 

79.1 

65.5 

73.5 

69.0 

71  A 

71.4 

69.8 

80.1 

62.9 

73.8 

68.6 

71 .3 

70.1 

78.2 

68.4 

72.7 

71  3 

71.9 

70.8 

77.3 

67.7 

71.2 

70.1 

72.6 

71.2 

76.1 

71.7 

75.4 

74.1 

74.6 

74.0 

to  '  max. . . . 
'^IMin.... 

72.9 

68.6 

71  7 
71 .7 

70.7 

715 

71 .0 

70.9 

73.0 

67.3 

71 .4 

70.4 

71 .4 

70.8 

72.8 

70.6 

72.8 

71.9 

70.9 

70.5 

72.3 

69.9 

71.7 

71.1 

71.7 

71.1 

73.9 

72.9 

74.1 

73.6 

73.5 

73.1 

"(Mta.::: 

70.9 

65.1 

70.2 

67.9 

69.8 

68.7 

70.6 

63.0 

70.4 

67.4 

69.5 

68.8 

71.6 

66.8 

70.5 

69.6 

70.0 

69.2 

71.7 

66.5 

69.9 

68.9 

70.7 

69.7 

71.9 

69.9 

72.8 

71.9 

72.6 

72.1 

«  e  1  Max  

^•^Min.... 

78.7 

62.5 

71 .0 

66.1 

60.0 

67.0 

78.6 

59.8 

72.1 

66.1 

68.8 

67  ..6 

75.8 

64.6 

69.3 

68.0 

68.9 

68.1 

67.6 

64.4 

69.2 

67.4 

69.5 

68.5 

72.2 

67.6 

71.4 

70.4 

71.7 

71.0 

,7  I  Max — 

75.6 

67.4 

72.0 

60.3 

70.5 

69.3 

76.4 

66.6 

72«6 

69.1 

66.9 

69.1 

74.9 

68^9 

70.4 

69.7 

68.4 

68!2 

75.4 

68!6 

70.6 

69!  3 

69.4 

69^2 

73.8 

70!  2 

70.4 

70!  1 

70  0 

69!8 

IB /  Max.... 

80.6 

70.7 

74.8 

71.0 

72.2 

70.7 

82.1 

70.2 

75.4 

70.9 

71.1 

70.3 

79.0 

71.7 

71.8 

70.9 

68.0 

68.8 

79.1 

71.6 

72.1 

70.9 

70.1 

70.0 

76.7 

72.7 

71.0 

70.9 

70.0 

69.9 

IflfMax.... 

78.8 

71.7 

75.5 

72.7 

73.6 

72.2 

78.5 

70.8 

75.7 

72.4 

72.3 

71.5 

78.4 

73.1 

73.5 

72.5 

70:0 

69.9 

78.8 

72.9 

73.6 

72.3 

71.4 

71.0 

77.4 

74.5 

72.4 

72.1 

70.7 

70.7 

78.5 

72. 1 

75.4 

72.9 

73.7 

72.6 

78.0 

71.3 

75.5 

72.6 

72.5 

71 .9 

78.3 

73.4 

72.9 

70.6 

70.6 

78.4 

73.2 

73.8 

72.8 

72.1 

71  7 

77.2 

74.7 

73.1 

73  0 

71.5 

71  0 

^  I  Mm  

80.6 

70.7 

78.0 

72.0 

73.7 

72.1 

81.6 

69.8 

76.6 

71.8 

72.6 

71.7 

80.5 

72.4 

73.9 

72.9 

71.1 

70.7 

80.2 

72.3 

74.0 

72.4 

72.3 

71.9 

77.9 

74.0 

73.6 

73.3 

72.0 

71.7 

r  Max 

80.2 

68!6 

75  9 

7L9 

73.7 

7l!8 

81.8 

6?!  5 

76  4 

7l!5 

72.6 

7L4 

80.2 

71.3 

73.9 

72.8 

71.4 

70.9 

79.6 

70.9 

73.6 

72.2 

72.6 

71.9 

77.7 

73.6 

74.1 

73.5 

72.3 

72.2 

t  Mav 

2*{S!!?;::: 

72.8 

70.9 

73.2 

71.7 

73.8 

72.1 

72.4 

69.8 

72.9 

71.3 

73".  1 

71.6 

73.4 

71.4 

74.2 

72.7 

71.6 

71.1 

72.6 

70.9 

73.6 

71.9 

72.8 

71.9 

74.9 

73.3 

74.5 

73.9 

72.8 

72.7 

ocfMax.... 

Min.... 

75.4 

61.8 

70.9 

66  3 

60.4 

67.9 

75.9 

59.2 

71.0 

65.6 

69.5 

68.2 

74.6 

63.8 

70.3 

69.0 

70.6 

69.0 

73.4 

63.1 

60.2 

67.6 

70.9 

60.4 

72.6 

67.2 

73.1 

71.4 

72.6 

72.0 

r  Maw 

7K  0 
19, C 

63.6 

7n  7 

66.8 

AD  9 

67.9 

TA  7 

61.5 

70.9 

66.4 

60.3 

68.0 

74.1 

65.4 

69.9 

68.4 

68.1 

68.1 

73.2 

64.4 

68.7 

67.2 

60.6 

68.4 

72.6 

67.8 

71.6 

70.5 

71.5 

70.8 

27{S!b.::: 

77.3 

66.8 

72.4 

68.6 

70.4 

68.7 

77.0 

64.0 

72.6 

68.3 

89.5 

68.6 

76.6 

67.8 

70.1 

68.9 

68.3 

67.9 

75.4 

66.9 

69.5 

68.1 

68.9 

68.6 

74.9 

69.8 

70.8 

70.3 

70.5 

70.2 

o«/Max.... 

^IMin.... 

70.3 

66.6 

70.0 

68.6 

70.1 

69.1 

69.6 

64.9 

68.6 

68.0 

69.9 

69.0 

70.6 

67.5 

70.5 

69.3 

68.6 

68.3 

70.0 

66.7 

60.4 

68.4 

68.5 

68.9 

71.6 

69.8 

71.0 

70.5 

70.2 

70.1 

2»iMb.::: 

60.6 

62.4 

68.1 

65.2 

67.7 

66.6 

69.7 

60.4 

68.0 

64.7 

68.0 

66.8 

69.6 

64.1 

68.3 

67.1 

68.1 

66.9 

66.5 

63.8 

67.3 

66.3 

68.4 

67.2 

69.0 

66.4 

70.2 

69.3 

70.1 

69.5 

3i(Mi?;.:: 

72.9 

64.6 

69.3 

65  4 

67.5 

66.0 

73.2 

63.6 

66.4 

65.2 

87.0 

66.0 

71.9 

65.1 

67.1 

66  1 

65.8 

65.6 

72.0 

65.0 

67.1 

65.6 

66.4 

66.0 

69.4 

66.4 

67.5 

67  2 

68.3 

67.8 

[Max.. 
Ave.]  Min.. 
(Ranfie 

78.00 
68.81 
9.19 

74.07 
70.78 
3.29 

72.41 
70.99 
1.42 

77.89 
67.36 
10.53 

73.90 
70.26 
3.64 

71.57 
70.57 
1.00 

77.48 
70.24 
7.24 

72.73 
71.60 
1.13 

70.58 
70.08 
0.51 

76.64 
68.62 
7.02 

 B+ 

71.83 
70.44 
1.39 

gitigod 

71.53 
70.84 
0^ 

by  vj 

76.20 
72.56 
3.64 

0© 

73.48 
72.85 

72.30 
72.00 
0.30 
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TABLE  GO.— MAXIMUM  AND  MINIMUM  TE.MPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  (WERED 

WITH  SAND.  SEPTEMBER.  1914. 


Date- 
Maximum, 

*  Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

minimum. 

6' 

6' 

12' 

18' 

IZ 

18' 

6' 

12* 

18' 

A' 

V 

12* 

18' 

t    Max. ... 

MMin.... 

74.2 

6>^  6 

71.2 

68  6 

69.6 

6S  4 

73.1 

67  4 

n.7 

RR  A. 
Oo.  * 

69.2 

AQ  1 
Oo.  1 

73.8 

68  9 

69.2 

68  5 

66.9 

66  8 

73.9 

Afi  O 
00. if 

69.3 

Afl  1 
Oo.  1 

67.7 

R7  ti 
0/  .0 

71.6 

69.4 

68.2 

A7  Q 
Of  .  V 

67.8 

A7  A 
Of  .O 

A  f  Max. . . . 

MMin.... 

68.7 

68  6 

89.5 

68  9 

69.5 

69  0 

69.2 

0/  .  I 

69.4 

68  5 

69.3 

AQ  7 
OS .  * 

70.4 

69  4 

69.6 

69  1 

67.4 

67  3 

70.4 

69  2 

69.3 

68  8 

68.5 

AQ  A 
OH. 4 

70.4 

AO  A 
OV.  D 

88.9 

AB  O 
Oo.  w 

68.4 

AB  n 
Oo.u 

»1  Max.... 

Min.... 

68.8 

M  A. 

67.1 

64  8 

66.8 

65  8 

68.1 

Oo.  o 

67.9 

A 

04 . 0 

67.2 

66.3 

69.4 

63  2 

67.6 

66  5 

67.2 

06  4 

69.1 

A9  (\ 
Oo.u 

66.9 

00.  V 

68.1 

AA  O 

00. V 

68.3 

AR  7 
00.  / 

88.9 

68.2 

88.6 

AB  K 
09. 0 

.  ;  Max. . . . 

*lMin.... 

66.1 

59  5 

86.1 

63  0 

65.6 

64  6 

69.9 

56  5 

66.4 

A9  7 

66.2 

Ai%  9 
00 .  / 

68.5 

61  9 

66.3 

65  4 

■- 

66.3 

65  4 

68.0 

A1  A 
Ol .  O 

65.7 

Al  A 
04.  0 

66.9 

DO.O 

66.8 

Al  1 
04 .  1 

68.0 

AA  Q 

00.9 

68.3 

A7  fl 

. /  Max.... 

^\Min.... 

69.0 

58  8 

66.1 

62  9 

65.0 

03  6 

70.1 

55  7 

66.4 

62  5 

65.3 

64  2 

68.2 

60  7 

66.3 

64  1 

65.3 

64  5 

67.9 

60  3 

64.6 

63  4 

65.8 

04 .  o 

66.2 

Al  1 
Do,  1 

66.9 

AA  n 
oo.u 

67.S 

AA  O 
00.  W 

7  r  Max  ... 

';Min.... 

63.2 

w.o 

63.6 

62  8 

65.1 

63  9 

63.3 

63.6 

A9  K 

66.4 

Ail 

64.6 

62  0 

65.5 
64  3 

64.9 

64  2 

64.8 

62  0 

64.9 

A3  0 
00. w 

65.6 

Al  Q 
04.0 

64.7 

A5  7 
Oo.  / 

66.1 

AC  7 

88.3 

AA  4 
OO.  A 

B  fMax.... 

65.6 

•)0.  £ 

63.4 

59  7 

62.8 

01 . 0 

68.1 

K1  9 
0>).  •! 

63.7 

0V.6 

63.5 

62. 4 

65.8 

Oo.u 

63.5 

A9  1 

64.0 

63  1 

65.3 

Oo.  1 

62.9 

At  A 
01 . 0 

64.4 

63. 4 

63.9 

80.9 

65.3 

64.4 

86.1 

AC  K 

DO.  9 

nf  Max..  . 

"\Min... 

67.0 

54  7 

63.9 

69  3 

62.5 

60  8 

86.9 

64.1 

KB  7 

62.6 

A1  K 
01 . 0 

66.6 

57  1 

62.5 

61  6 

63.1 

62  1 

66.1 

56  8 

62.0 

60  8 

63.6 

A9  K 

64.0 

KO  1 
0».4 

64.2 

A^  9 

66.2 

Al  A 
04  O 

in 'Max.... 

^^Min... 

62.3 

.55  9 

61.6* 

59  4 

62.4 

nn  Q 
ou.y 

62.4 

01 .  f 

61.6 

05. 0 

62.8 

Al  7 
01  .  4 

62.3 

57  8. 

62.7 

61  4 

62.6 

61  8 

62.0 

Ol  .4 

61.9 

60. 5 

63.0 

62. 1 

61.4 

59.4 

63.6 

62.7 

64.5 

Al  1 
m.  1 

n  ^  Max ... 

►  59.7 

57  4 

59.9 

59  3 

61.3 

60  5 

56.4 

OO.o 

56.7 

Do.  w 

61.8 

Ai  n 
01  .u 

56.8 

58  1 

61.5 

60  5 

61.7 

61  1 

50.9 

Oo.  1 

60.8 

DU.U 

62.0 

61 .5 

60.0 

59.3 

62.4 

62.0 

63.7 

Do.  J 

,n  fMax.... 

61.9 

52  0 

59.9 

56  6 

58.4 

58  1 

62.0 

ou.  u 

60.0 

i;a  n 
00.  u 

56.9 

59.0 

61.1 

Oo .  o 

59.5 

58  4 

60.9 

•59  8 

61.3 

Oo.o 

58.8 

0<  .0 

61.1 

60.0 

59.5 

56.2 

61.5 

60.5 

63.0 
62.4 

i.  fMax.... 

68.0 

57  4 

63.4 

59  7 

61.8 

60  2 

68.4 

56  9 

64.1 

59  6 

61.7 

60  7 

66.4 

58  4 

61.1 

60  0 

60.0 

59  8 

66.5 

Ot.O 

61.2 

OV.o 

60.9 

60.7 

63.4 

59.  S 

60.6 

60. 6 

81.7 

Al  K 

01. 0 

le  fMax.... 

68.9 

62  6 

65.6 

62  9" 

63.9 

62  7 

66.0 

03  0 

63.5 

A9  7 

67.7 

62  6 

63.1 

A9  1 

0.3.0 

61.3 

AA  Q 

67.9 

A9  7 
0*.  1 

63.4 

A9  1 

Ow.  1 

62.3 

62.0 

65.6 

62.9 

61.8 

61 .5 

61.8 

61  6 

iftfMax... 

73.6 

62  9 

68.6 

61 . 1 

86.0 

63.8 

73.0 

62.1 

69.2 

63.9 

65.0 

63.6 

72.4 

63.6 

65.1 

63.6 

62.3 

62.0 

71.9 

63.6 

65.4 

63.4 

63.4 

63.1 

69.3 

64.2 

63.1 

62.7 

62.8 

62.2 

'  Max 

*^lMin 

73.4 

61.1 

68.5 

63.8 

66.1 

64.2 

74.6 

57.3 

68.9 

63.3 

65.3 

64.1 

72.2 

62.4 

65.5 

64.2 

63.4 

63.1 

71.3 

62.0 

65.4 

63.6 

64.6 

64.1 

69.5 

63.7 

64.3 

64.1 

63.5 

63.2 

{  Nli^.  .■ . . 

73.9 

61.5 

68.7 

61  1 

66.3 

64.6 

73.1 

59.5 

68.9 

63.7 

65.5 

64.4 

72.4 

62.8 

66.9 

64.7 

64.0 

63.6 

71.5 

62.2 

65.6 

63.9 

65.0 

64.3 

69.7 

64.0 

66.2 

64.8 

64.2 

64.1 

,nfMax.... 

^^\Min... 

74.9 

62  5 

69.2 

64  4 

66.7 

65  1 

75.1 

60  9 

66.4 

64.0 

65.9 

.64.9 

73.4 

63.6 

66.3 

65.3 

64.4 

64.1 

72.3 

62.9 

66.0 

64.4 

65.2 
64.6 

70.5 
64.9 

65.8 

65.4 

64.9 

61.6 

2,  (Max.... 

\  Min  

78.0 

67.5 

72.6 

6S.5 

69.7 

67.9 

78.8 

66.4 

72.4 

68.2 

68.2 

67.1 

76.9 

67.9 

69.3 

67.7 

65.7 

65.4 

76.2 

67.2 

69.0 

67.2 

66.6 

66.4 

74.9 

69.9 

67.6 

67.4 

88.2 

65.9 

1  Min. . . . 

74.1 

70  2 

71.7 

70  2 

70.4 

69  5 

73.8 

69  7 

71.5 

69  9 

69.1 

Afi  7 

74.0 

70  6 

70.2 

69  ,5 

66.9 

66  7 

73.6 

7n  1 

/U.  1 

69.9 

69. 1 

68.0 

67.9 

73.6 

71 .9 

69.1 

68.8 

67.1 

66.7 

«,»  '  Max  

Min... 

65.0 

63.7 

67.5 

65  6 

68.6 

66  4 

64.6 

62.5 

67.0 

65.3 

68.3 

66.3 

65.9 

65.1 

69.1 

67.0 

67.2 

66.6 

65.5 

65.1 

68.4 

66.5 

68.2 

67.1 

88.8 

67.4 

89.5 

68.8 

88.0 

67  8 

•M  '  Max.. 

-*l  Min  ... 

62.2 

55.3 

61 .6 

59.9 

63.4 

62.0 

60.4 

52.8 

61 .4 

59.2 

64.1 

62.4 

62.4 

57.7 

64.6 

62.7 

65.5 

64.0 

62.3 

57.7 

63.7 

62.0 

65.9 

64.1 

63.1 

61.6 

67.9 

66.3 

67.9 

67  1 

9r  '  Max. . . 

2^  Min.... 

63.4 

53.  S 

61.3 

58.1 

61.0 

59.8 

62.3 

51.1 

61.6 

57.7 

61.8 

60.8 

63.2 

55  8 

61.8 

60.7 

63.0 

61.9 

62.9 

56.0 

60.9 

59.7 

63.2 

61.5 

62.4 

59.3 

65.3 

64.1 

66.5 

6S.7 

Max.... 

^%Min.... 

64.0 

53.0 

61.5 

.57.4 

60.5 

59.0 

64.8 

51.2 

61.8 

56.8 

61.3 

60.0 

63.3 

55.0 

60.9 

59.6 

61.6 

60.8 

63.0 

55.0 

60.0 

58.8 

62.0 

60.3 

82.4 

58.2 

63.6 

62.5 

65.0 

64.1 

9U  Max  

-^iMin.... 

65.6 

55.3 

62.0 

58.5 

60.9 

59.7 

66.0 

52.7 

62.2 

58.1 

61.5 

60.4 

64.1 

56.6 

60.9 

59  7, 

60.8 

60.0 

63.6 

56.3 

60.2 

58.9 

61.3 

59.9 

62.4 

58.8 

62.1 

61.5 

62.9 

62  4 

90  f  Max.... 

^•^IMin.... 

67.5 

56.  S 

63.2 

59.5 

61.7 

m.i 

68.2 

54.4 

63.4 

59.1 

61.5 

60.8 

65.6 

57.6 

61.0 

60.0 

60.5 

60.3 

65.4 

57.4 

61.0 

59.5 

61.3 

60.7 

63.8 

59.9 

61.8 

61.5 

82.5 

62.2 

'  Max.... 

Min  ... 

66.9 

,57.4 

63.4 

60.3 

62.3 

61.0 

67.3 

56.2 

63.6 

59.9 

62.3 

61.5 

65.1 

.58.4 

62.0 

60.9 

60.9 

60.6 

65.2 

58.1 

61.5 

60.4 

61.8 

60.6 

64.3 

60.6 

62.1 

61.9 

82.3 

62  1 

f  Max  . 
Ave.j  Min. 
I  Range 

68.07 
58.75 
8.32 

66.43 
62.40 
3.03, 

64.56 
63.20 
1.39 

68.14 
57.86: 
10.28 

65.61 
62.02 
3.59 

64.56 
63.50 
1.06 

67.52 
61.12 
6.40 

64.61 
63.46 
1.15 

63.76,  67.22  64.19,  64.48 
63.171  60.92  62.87  63.66 
0.59    6.30    1.32  0.82 

68.21 
62.99 

66.14 
84.56 
0.99 

65.26 
84.84 
0.41 
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TABLE  61.— MAXIMUM  AND  MINIMUM  TEMPERATURE  OP  DIFFERENT  TYPES  OF  SOIL,  COVERED 

WITH  SAND,  OCTOBER,  1914. 


Date— 
Maximum. 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat. 

minimum. 

6' 

12* 

18' 

6' 

12* 

18* 

8' 

12* 

18' 

8* 

12* 

18- 

6' 

12* 

18* 

<  f  Max 

Mm!?;;:: 

66.5 

55.2 

62.9 

58.8 

61.6 

60.0 

66.9 

53.6 

62.6 

58.3 

62.0 

60.6 

64.3 

56.3 

61.4 

59.9 

61.2 

60.4 

64.4 

56.9 

60.9 

59.0 

61.8 

60.9 

63.3 

58.9 

62.3 

61.5 

62.4 

62.2 

r  Max 

^iMin..'.'! 

65.9 

54.7 

62.4 

58.3 

61.1 

59.6 

62.1 

53.3 

62.1 

57.7 

61.5 

60.3 

63.7 

55.7 

60.8 

59.4 

60.9 

59.9 

63.7 
55.4 

60.0 

58.5 

61.5 

60.4 

62.7 

68.4 

62.0 

61.3 

62.4 

62.0 

«  i  Max 

Mm!?;;:: 

64.2 

55.5 

61.6 

58.3 

60.8 

59.5 

64.3 

54  5 

61.4 

57.9 

61.3 

60.0 

62.6 

56.1 

60.5 

60.2 

60.3 

69.6 

62.7 

56.9 

99.7 

58.4 

60.9 

59.9 

61.9 

58.3 

61.8 

60.9 

62.1 

61.9 

/  Max 

•^iMin.;:: 

68.4 

01.6 

64.7 

61.8 

63.0 
61.6 

68.6 

61.1 

64.5 

61.6 

62.2 

61.6 

66.7 

61.3 

62.1 

61.1 

60.0 

59.8 

66.9 

61.3 

62.1 

60.7 

61.1 

60.8 

65.6 

62.3 

61.4 

61.2 

61.5 

61.4 

a  /  Max 

®\Min:;:: 

70.2 

63.0 

66.1 

63.4 

64.2 

63.1 

70.4 

62.4 

65.7 

63.1 

63.4 

62.8 

68.6 

62.9 

63.4 

62.6 

61.4 

61.2 

68.6 

62.9 

63.5 

62.5 

62.3 

62.0 

67.1 

64.1 

62.5 

62.3 

62.0 

61.8 

f  Max 

70.8 

62.3 

66.4 

63.4 

64.5 

63.5 

70.8 

61.8 

65.9 

62.9 

63.8 

63.2 

68.9 

62.6 

63.9 

63.3 

62.1 

61.9 

69.1 

62.4 

63.9 

62.8 

63.3 

62.7 

67.4 

64.1 

63.4 

63.1 

62.6 

62.5 

/  Max 

^iMin.;:; 

67.6 

64.0 

65.6 

64.7 

65.1 

64.6 

66.7 

63.1 

65.4 

64.2 

64.4 

64.1 

67.0 

04.4 

64.8 

64.3 

62.7 

62.6 

67.1 

64.2 

64.7 

64. 1 

63.7 

63.7 

66.7 

65.6 

64.1 

64.1 

63.2 

63.1 

» /  Max 

»{Sfi?;;:: 

70.3 

63.1 

66.8 

63.9 

65.1 

63.9 

70.6 
61.1 

66.8 

63.6 

04.3 

63.6 

68.2 

63.6 

65.0 

64.0 

62.9 

62.7 

69.4 

63.7 

65.0 

63.7 

63.9 

63.4 

68.1 

65.0 

64.4 

64.3 

63.7 

63.6 

./V  f  Max 

66.6 

•  64.7 

65.2 
64.7 

65.3 

64.7 

65.3 

63.8 

65.0 
64.4 

64.7 

64.3 

65.7 

65.1 

65.3 

64.8 

63.3 

63.2 

65.7 

65.1 

65.3 

64.7 

64.4 

64.1 

66.6 

66.0 

65.0 

64.8 

64.1 

64.0 

Of.  1 

53.8 

Rft  ft 
00. o 

57.4 

AH  9 

59.2 

09.  r 

51.4 

Rft  S 

66.8 

A/l  Q 

59.8 

Rfl  n 

55.8 

A1  1 
Dl .  1 

59.0 

A9  n 

60.7 

Rft  1 
00. 1 

55.6 

An  R 

DU.O 

59.4 

62.4 

60!9 

.RO  ft 
'00. 0 

68.6 

63.6 

62!3 

64.2 

63!6 

la/Max.... 

54.0 

52.9 

56.9 

55.7 

58.4 

57.4 

52.1 

51.0 

56.6 

55.4 

se.2 

58.1 

S5.3 

54.0 

58.9 

57.8 

60.0 

69.1 

56.6 

54.1 

58.5 
57.4 

60.4 

59.5 

58.1 

66.9 

61.8 

60.0 

63.1 

62.6 

u/Max.... 

"iMin.... 

S2.6 
50.1 

53.6 

53.0 

55.4 

54.8 

51.1 

48.9 

53.5 

52.8 

56.8 

55.9 

52.7 

51.2 

56.0 

65.1 

58.0 
57.1 

52.9 

51.4 

55.  S 

54.8 

58.3 

67.4 

54.7 

64.4 

58.8 

58.7 

61.8 

61.2 

>M5S  - ■ 

i  xnin. . . . 

57.4 

M  Q 
Oa.V 

56.4 

53  8 

56.2 
54  9 

57.0 

51  2 

56.7 

53.8 

56.8 

55  8 

56.9 

52  9 

55.7 

54  8 

56.4 

66  1 

57.2 

53  1 

55.8 
64  6 

56.6 

66  3 

56.5 

54  3 

57.9 
57  4 

60.3 

59  6 

,ft/Max.... 

58.6 

56.4 

57.7 

56.6 

57.4 

57.0 

57.4 

55.5 

57.8 

56.9 

57.7 

57.5 

58.4 

56.4 

56.9 

56.5 

56.4 

66.3 

S8.5 

66.7 

57.0 

56.7 

57.1 

67.0 

57.5 

56.8 

57.5 

67.2 

59.0 

58.5 

"{m!!?;::: 

68.1 

52!  9 

57.8 

55!8 

57.6 

56!6 

57.5 
51*7 

57.9 

55!5 

57  8 

57;  1 

58.1 

54!l 

57.1 

66!  4 

56  9 

56!8 

58.4 

54!  2 

57.1 

66!  2 

57.7 

57!2 

57.5 

56!3 

57.4 

57!  2 

58.3 

58!l 

"»{m!?;;:: 

58  0 

50!  4 

56.9 

54^4 

56.5 

55  !4 

58.9 

49.!3 

57.3 

53!8 

57.4 

56!2 

57.7 

62!o 

56  5 

55!4 

56.9 

56!3 

57.7 

52!o 

56.3 

54!9 

57  4 

56!7 

56.1 

53!5 

57.0 

56!5 

58.3 

57!9 

on  1  i»iax .... 
-"iMin.... 

RA  ft 
DU.D 

51. G 

57.9 

54!5 

57.0 

55^4 

61 .2 

50]  5 

58.8 

54!3 

57.1 

56!  1 

59.7 

52^6 

56  4 

55!4 

56.5 

56!  0 

60.0 

52!  9 

56.5 

54!9 

56.6 

56!4 

57.5 

54!o 

57.2 

56!  1 

57  9 

57!  6 

f  Maw 

91 )  max. . . . 

ttl  A 

53.0 

•ut  1 

oV.  1 

65.5 

58  0 

56!  2 

A9  7 

52.1 

59.9 

55!5 

58  0 

57!o 

61 .0 

54^2 

R7  9 
Of  .0 

56.1 

56.5 

56!  2 

61 .3 

54!3 

57.4 

56!  0 

57.4 

56!  9 

58  7 

55!  1 

56.8 

56!  5 

57  6 

57!  4 

r  Mow 

nn  1  max.  .  .  . 

--^iMin.... 

A1  7 

53.4 

9V.U 

55  9 

KT  Q 
9i  .0 

56.8 

A1  7 

52.3 

59.6 

55!8 

58.1 

57!3 

60.7 

54!6 

R7  A 
0/  .D 

66.7 

67.0 

66!7 

60.9 

54!8 

57.6 

56!  6 

57  9 

57!4 

58  4 

55!5 

57.2 

56!  9 

R7  ft 
0/  .0 

57.6 

«(m!?;;:: 

60.0 

52.2 

57.8 

55.1 

57.6 

56.4 

60.3 

51.2 

58.4 

54.8 

58.1 

57.0 

59.2 

53.8 

57.4 

56.4 

57.1 

56.6 

59.5 

53.9 

57.4 

60.2 

58.0 

57.2 

57.6 

64.8 

57.5 

56.8 

57.9 

57.7 

"Mm!?;::: 

53.9 

52.3 

55.9 

54.0 

57.1 

56.0 

53.1 

51.9 

56.1 

54.8 

57.6 

66.8 

54.4 

53.4 

56.5 

55.9 

66.9 

66.6 

54.8 

53.7 

66.9 

55.8 

57.6 

57.2 

56.9 

54.8 

57.2 

56.9 

57.9 

57.7 

^«{5S;;:: 

49.1 

46.8 

50.0 

49.0 

51.6 

51.0 

48.7 

47.1 

50.1 

46.6 

53.2 

62.6 

48.5 

48.0 

51.9 

50.9 

63.8 

63.2 

40.3 

48.8 

51.6 

50.8 

53.8 

53.2 

50.0 

49.7 

54.2 

53.5 

56.8 

56.2 

^'{SS;;:: 

43.3 

40.2 

44.1 

42.4 

48.8 

47.1 

45.3 

43.7 

47.6 

46.3 

48.8 

48.4 

43.8 

40.4 

48.9 

47.7 

52.2 

61.0 

44.1 

41.1 

49.4 

47.2 

51.3 

50.5 

48.5 

45.4 

52.8 

51.6 

55.6 

64.8 

^{S!?;;:: 

45.9 

40.6 

47.0 

43.9 

48.1 

46.2 

45.5 

38.8 

47.3 

43.9 

48.6 

"  48.2 

46.2 
40.4 

48.6 

45.7 

49.9 

49.4 

45.5 

41.0 

45.9 

45.2 

49.5 

48.8 

45.5 

42  9 

50.5 

49.4 

53.9 

53.2 

90  f  Max.... 

45.5 

44.8 

47.3 

46.4 

48.6 

47.5 

44.1 

43.4 

48.4 

46.4 

48.8 

47.1 

45.7 

46.5 

47.6 

46.9 

48.8 

48.7 

47.3 

45.3 

47.6 

47.2 

48.9 

48.3 

46.2 

45.4 

48.9 

48.6 

52.4 

51.8 

on  f  Max.... 

48.2 

40.4 

47.5 

44.2 

47.6 

47.1 

48.4 

39.8 

47.6 

44.3 

48.5 

47.6 

47.2 

41.3 

46.3 

45.6 

49.8 

48.5 

47.6 

41.4 

47.2 

46.3 

48.9 

48.1 

45.7 

43.3 

48.6 

47.7 

51.4 

50:9 

0,  /  Max — 

50.2 
41.0 

48.6 

44.8 

48.9 

46.4 

50.7 

40.7 

49.1 

44.9 

48.9 

47.5 

48.8 

43.0 

46.9 

45.9 

48.3 

48.0 

49.6 

43.2 

47.2 

46.6 

48.4 

48.2 

46.4 

43.5 

47.7 

47.5 

50.5 

60.2 

[Max.. 
Ave.  j  Min . . 
(Raniie 

58.71 
52.96 
5.75 

57.76 
55.18 
2.58 

57.74 
56.36 
1.38 

58.60 
52.05 
6.55 

57.80 
55.06 
2.75 

57.81 
56.90 
0.91 

58.08  57.22 
53.791  56.21 
4.29  1.01 

57.34 
56.84 
0.50 

58.37 
53.86 
4.51 

57.06 
56.90 
1.16 

57.97i  57.78 
67.231  56.82 
0.74^2.28 

58.17 
57.42 
0.75 

50.21 
58.86 
0.36 

Digilized  by  ^ 
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TABLE  62.— M.\XIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  COVERED 

WITH  SAND.  NOVEMBER,  1914. 


Date- 
Maximum, 

Gravel. 

Sand. 

Laam.         |  Clay. 

PaaL 

IlUlllluUili. 

6' 

12- 

18* 

6* 

12* 

18' 

6' 

12* 

18" 

6' 

12* 

IB* 

12- 

ir 

2  1  Max.... 

I  Min  

50.8 

45.0 

50.3 

48.5 

50.3 

49  6 

50.1 

45. 1 

60.5 

48.5 

51.2 

50.6 

50.0 

47.0 

49.6 

*  49.0 

49.8 

49.7 

50.7 
47.1 

49.6 

48.8 

50.6 

50.3 

48.8 

46.9 

48.8 

48.7 

50.3 

50.3 

I  Mm  

51.7 

47,0 

50.9 

48.2 

50.4 

49.3 

50.9 

44.6 

51.4 

48.5 

50.9 

49.7 

51.3 

46.6 

49.7 

48.8 

49.8 

49.7 

51.6 

47.2 

49.8 

48.8 

50.2 

49.8 

49.4 

47.5 

49.1 

48.9 

80.7 

50  6 

.fMtt  ... 

\  Min  

48.5 

46.4 

49.6 

48.5 

50.2 

49.8 

47.5 

45.4 

50.1 

48.8 

51.1 

50.6 

49.4 

47.5 

49.9 

49.5 

50.2 

50.0 

48.8 

47.7 

49.8 

49.3 

50.8 

50.6 

48.9 

47.9 

49.6 

49.5 

50.9 

50.8 

.  fMax.... 

1  Min  

45.0 

43.6 

47.0 

46.3 

48:6 

47.8 

41.8 

41.2 

46.9 

46.2 

49.9 

48.9 

45.1 
45  1 

48.8 

48.1 

48.7 

49.5 

45.4 

45.1 

48.6 

47.6 

50.5 

49.8 

47.0 

46.2 

49.7 

49.2 

51.1 

51.1 

gfMax ... 

\  Min  

45.5 

40.7 

46.0 

43.9 

46.7 

45.9 

44.7 

40.5 

46.2 

43.6 

48.1 

47.3 

45.9 
42.1 

46.9 

46.1 

48.4 

45.4 

46.2 

42.6 

46.6 

45.8 

49.3 

48.2 

45.1 

43  6 

48.8 

48.0 

51.0 

50  6 

7  [Max.... 

\  Min  

40.4 

42.7 

48.0 

44.7 

47.5 

45.9 

49.5 

40.8 

48.3 

44.7 

48.0 

47.1 

48.9 

43.3 

46.6 

45.8 

47.9 

47.5 

49.3 

43.4 

47.1 

45.7 

48.1 

47.8 

46.5 

44.1 

47.8 

47.3 

90.3 
49  8 

0  f  Max  ... 

1  Min  

41.6 

37. 1 

41.7 

40.7 

44.4 

43.3 

40.0 

35.6 

43.4 

40.6 

46.1 

45.0 

41.5 

38.3 

44.7 

43.5 

47.4 

46.2 

41.7 

38.8 

46.4 

43.3 

47.5 

46.0 

48.7 

41.2 

47.5 

46.1 

49.5 

48.8 

\  Mm .... 

43.0 

39.4 

43.1 

41.7 

43.6 

43.2 

41.2 

37.2 

43.4 

41.6 

45.0 

44.7 

42.2 

39.3 

43.2 

42.9 

45.4 

45.2 

42.7 
40.4 

43.3 

42.8 

45.6 

45.4 

41.6 

40.4 

45.S 

46.1 

48.6 

48.0 

„(M«.... 

\  Mm  

43.0 

38.0 

43.1 

41 .0 

43.4 

43.0 

41.1 

39.3 

43.3 

41.2 

45.0 

44,5 

42.3 

39.3 

43.1 

42.6 

46.1 

44.8 

43.1 

40.3 

43.2 
42.5 

45.4 

45. J 

41.3 

40.3 

45.4 
444 

47.6 

47.3 

\  Mm . .  . 

40.3 

38.6 

41.6 

40.8 

42.9 

42.4 

36.6 

35.8 

41.6 

40.8 

44.4 

44.0 

40.3 

39.1 

42.8 

42.3 

44.8 

44.4 

40.7 

39.4 

42.7 

42.1 

45.1 

44.4 

40.5 

40.0 

44.1 

43.8 

47.0 

46.7 

,3  'Max.... 
Min  

43.0 

41 .3 

43.1 

42.6 

43.9 

43. 1 

39.4 

37.6 

43.6 

42.8 

46.1 

44.4 

41.8 

41.8 

43.2 

42.5 

44.4 

44.1 

42.5 

42.3 

43.3 

42.5 

44.7 
44.4 

41.7 

40.8 

43.5 

43.5 

46.4 

46.2 

l.JMax.... 

1  Min .... 

41.9 

37.7 

42.4 

40.4 

42.9 

42.3 

39.7 

36.9 

42.5 

40.4 

44.4 

43.8 

41.5 

38.9 

42.6 

41.9 

44.4 

44.2 

42.1 

39.4 

42.5 

41.8 

44.8 

44.1 

40.6 

39.5 

43.5 

43.2 

46.1 

45  8 

I  Mm  

38.9 

37.3 

42.6 

40.7 

44.4 

42.6 

38.6 

36.5 

42.6 

40.6 

45.5 

44.1 

40.0 

38.1 

43.9 

42.4 

44.8 

44.6 

40.5 

38.6 

43.9 

42.3 

45.4 

44.9 

42.4 

39.5 

43.9 

43.6 

45.8 

45.7 

,7 /Max.... 

i  Min . .  . 

36.3 

3.5  4 

39.4 

38.5 

41.3 

40.3 

35.5 

34.8 

39.4 

38.7 

42.9 

42. 1 

37.0 

36.1 

41.4 

40.6 

44.2 

43.4 

37.1 

36.3 

41.1 

40.4 

43.5 

43.1 

39.3 

38  6 

43.4 

42.8 

45.8 

45  6 

..[Max.... 

'  \  Min .... 

33.9 

33  5 

37.4 

36. 6 

39.4 

38  5 

33.4 

33. 1 

37.5 

30  8 

41.2 

40.5 

34.9 

34.4 

39.7 

38.7 

42.5 

42.3 

35.0 

34.5 

39.0 

38.2 

42.3 
41.4 

37.5 

36.8 

42.3 
41  6 

49.4 

45.1 

JO 'Max 

■  I  Min  .  .  . 

33.9 

33.7 

38.6 

36  4 

38.2 

38  0 

33.5 

33 . 4 

36.8 

36.7 

40.0 

39. H 

34.4 

34.3 

38.3 

37.9 

41.3 

41.0 

34.6 

34.5 

37.9 

37.6 

40.9 

40.6 

36.2 

36.2 

41.0 

40.7 

44.5 

44  3 

2,,fMax.... 

1  Mm .  .  . 

33.9 

33.8 

36.4 

36 . 3 

37.9 

37.7 

33.3 

33  2 

36.5 

36.3 

39.7 

39.4 

34.2 

34 . 0 

37.8 

37  5 

40.6 

40.4 

34.6 

34.4 

37.4 

37.2 

40.3 

40.0 

35.8 

35.6 

40.2 

39  8 

43.5 

43.3 

21  1  Max  

I  Min. .  .  . 

33.8 

33.  G 

36.3 

36. 1 

37.7 

37.4 

33.2 

33  0 

36.3 

36.0 

39.3 

39.1 

34.0 

33.9 

37.4 

37.2 

39.9 

39.7 

34.5 

34.3 

37.2 

36.9 

39.8 

39.5 

35.2 

35.1 

39.5 

39.3 

42.8 
42  4 

23  [Max.... 

[  Mm  

32.9 

32.3 

35.7 

35. 1 

37.3 

36.7 

32.2 

31 .6 

35.8 

35.1 

38.9 

38.3 

33.9 

33.4 

37.0 

36.7 

39.4 

39.1 

34.3 

33.8 

38.9 

36.5 

39.3 

39.0 

35.0 
34.1 

38.5 

38.1 

41.7 

41.3 

24  f  Max  .  . 

I  Min .  .  . 

32.2 

32  1 

34.8 

34  6 

36.4 

36.3 

32.0 

31.3 

34.8 

34.8 

38.0 

37.9 

33.4 

33  3 

36.5 

36.4 

38.9 

38.5 

33.7 

33.5 

36.4 

36.2 

38.8 

38  4 

34.4 

34.2 

37.9 

37.8 

41.1 

40  8 

2--   Max  .. 

^•'.Min... 

32.7 

32^4 

34  9 

34!« 

38  3 

36^2 

32.2 

oa.U 

34.8 

37.9 

37.7 

33.4 

33.3 

36.3 

36.1 

38.4 

38.2 

33.9 

33  8 

36.2 

36  1 

38.4 

38.2 

34.3 

34.2 

37.7 

37.4 

40.7 
40  6 

f  Mav 

'^^iMin... 

41.9 

33.2 

39.2 

34.9 

38.1 

36.3 

41.6 

32.6 

39.0 

35.2 

38.7 

37.7 

39.3 

33.4 

36.8 

36.0 

38.2 

38.0 

40.9 

34.0 

37.6 

36.2 

38.3 

38.1 

34.2 

34.0 

37.4 

37.2 

40.5 

40.1 

27  fMax.... 
\  Min..  .. 

38.5 

37.4 

40.2 

39.1 

40.4 

39.9 

38.0 

37.3 

40.4 

39.4 

40.9 

40.8 

38.7 

37.9 

39.2 

38.9 

39.7 

38.9 

39.7 

38.9 

39.9 

39.8 

40.5 

39  9 

35.2 
34.4 

37.3 

37.3 

40.2 

40.0 

2^\Mi?.".'.": 

35.2 

34.2 

37.9 

37.2 

39.4 

38.3 

34.6 

33.9 

37.9 

37.2 

40.4 

39.0 

35.9 

34.8 

38.8 

37.9 

40.2 

39.9 

36.4 

35.2 

39.2 

37  9 

40.9 

40.2 

35.3 

35.0 

37.6 

37.4 

40.4 

40  3 

.w,  Max.... 

46.3 

42.7 

44.1 

41  2 

42.7 

40  7 

46.7 

42.6 

44.5 

41  6 

42.8 

41.2 

44.9 

41.3 

41.5 

39.4 

40.4 

39.6 

45.8 

42.0- 

41.9 

39.9 

41.1 

40.0 

41.1 

37.9 

38.3 

377 

40.4 

40.3 

[Max  . 
Ave.  j  Min 
I  Range 

40.56 
38.00 
2.56 

41.69 
40.36 
1.33 

42.57 
41.78 
0.79 

39.50 
37.06 
2.44 

41.90 
40.44 
1.46 

43.82 
43.15 
0.67 

40.57 
38.68 
1.89 

42.23 
41.55 
0.68 

43.84  41.08 
43.37;  39.10 
0.47j  1.98 

42.26 
41.45 
0.81 

Diaitiz 

44.09 
43.97 
0.52 

3d  bv  V 

40.44 
30.36 

43.13 
42.74 

49.86 
45.43 
0.42 
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BEGINNING  WITH  FOURTH  YEAR. 


TABLE  63.-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED 

WITH  SAND.  DI.X::EMBER,  1914. 


Date- 
Maximum, 

Graval. 

Sand. 

Loam. 

Clay. 

Peat. 

Tfiiniwiiitn. 

2" 

4' 

6' 

2* 

4' 

6' 

2* 

4* 

6' 

2* 

r 

4* 

6' 

1  Min  

47.4 

44.6 

47.3 

45.4 

46.9 

46.1 

46.2 
44.4 

47.1 

45.2 

47.1 

46.1 

46.9 
44.9 

46.6 

45.4 

45.4 

45.2 

47.3 

45.3 

46.6 

45.8 

46.2 

46.1 

46.3 

45.4 

45.4 

45.4 

45.5 

46.3 

«  (Mm.... 

\  Min  

42.5 

36.5 

41.8 

38.4 

41.4 

40.4 

39.7 

36.2 

39.8 

37.8 

40.4 

40.0 

40.4 

37.4 

41.1 

40  3 

41.6 

40.8 

42.4 

37.4 

41.4 

40.3 

42.1 

41.5 

40.9 

39.6 

42.2 

41.2 

44.1 

42.9 

WMm.... 

1  Min  

37.9 

33.4 

37.7 

35.1 

38.1 

37.0 

37.4 

33.7 

37.4 

35.0 

38.1 

36.8 

37,3 

33.9 

37.7 

36.7 

38.1 

37.5 

37.5 

34.5 

37.6 

36.6 

38.7 

38.0 

37.4 

36.7 

38.8 

38.2 

41.1 
40.4 

\  Mm  

38.6 

34.0 

38.0 

35.2 

38.4 

36.4 

38.1 

34.0 

38.1 

35.0 

38.8 

36.3 

37.5 

34.1 

38.0 

35.9 

37.9 

36.8 

38.0 

35.7 

38.0 

35.9 

38.4 

37.1 

37.7 

35.7 

38.2 

37.3 

39.4 

39.1 

^/Max.... 

I  Min  

34.8 

33.2 

35.1 

34.2 

35.5 

35.2 

34.0 

33.1 

34.7 

34.0 

35.4 

35.3 

34.1 

33.4 

34.9 

34.8 

35.4 

35  3 

34.7 

33.8 

36.0 

34.9 

35.9 

35.8 

39.0 

34.8 

38.3 

35.9 

37.9 

37.5 

orMax.... 

\  Min  

33.0 

32. 1 

34.0 

33.3 

34.7 

34.1 

32.8 

32.3 

33.6 

33.4 

34.5 

34.3 

32.8 

32.4 

33.9 

33.8 

34.4 

34.2 

33.4 

32.6 

33.9 

33.6 

34.7 

34.5 

33.8 

33.5 

35.0 

34.7 

37.0 

36.5 

o/Mtt.... 

*  I  Min  . . . . 

32.4 

32.3 

33.4 

33.2 

34.2 

34.0 

32.4 

31.9 

33.4 

33.2 

34*3 

34.1 

32.4 

32.4 

33.7 

33.6 

34.1 

34.0 

32.8 

32.5 

33.5 

33.3 

34.4 

34.2 

33.5 

33.3 

34.4 

34.2 

36.3 

35  9 

'   1  Mm.'.  . 

32.2 

31.9 

33.2 

33.0 

33.9 

33.8 

32.1 

31.4 

33.0 

32.8 

33.8 

33.7 

32.4 

32.4 

33.5 

33.5 

33.9 

33.7 

32.4 

32.2 

33.1 

33.0 

33.9 

33.8 

33.1 

33.1 

33.9 

33.9 

36.7 

35.4 

:  Max  ... 

\  M  in  

31.5 

20.4 

32.6 

32.2 

33.5 

33.1 

30.4 

26.1 

32.1 

30.6 

33.2 

32.4 

32.2 

32.0 

33.4 

33.1 

33.8 

33.4 

31.4 

31.0 

32.7 

32.2 

33.5 

33.2 

33.0 

32.4 

33.8 

33.4 

36.5 

35.0 

jofMax... 
*  1  Min  

30.7 

29.8 

31.9 

31.4 

32.6 

32.5 

29.7 

27.5 

30.7 

29.7 

32.1 

31.8 

31.6 

31.5 

32.9 

32.8 

33.2 

33.0 

30.5 

29.7 

31.6 

31.6 

32.6 

32.4 

32.4 

32.2 

33.4 

33  2 

34.9 

34.6 

,4  (Max.. 

*^  i  Min . . . . 

31.2 

28.4 

32.2 

32.1 

32.9 

32.6 

27.0 

21.8 

29.6 

26.3 

32.0 

30.0 

31.7 

30.0 

32.9 

32.6 

33.4 

33.0 

31.5 

29.3 

32.2 

31.5 

32.8 

32.6 

32.4 

32.1 

33.1 

32.9 

34.5 

34.4 

\  Mm  

29.3 

27.7 

30.5 

29.7 

31.5 

31.1 

25.1 

21.8  ' 

27.0 

24.6 

28.9 

27.4 

30.4 

29.9 

32.2 

32.0 

32.7 

32.4 

29.0 

27.4 

30.3 

29.8 

32.0 

31.4 

31.5 

31.1 

32.8 

32.6 

34.2 

34.1 

'  \  Mm  

29.2 

27.9 

30.2 

29.8 

31.2 

30  9 

23.4 

20.4 

26.1 

24.1 

28.4 

26.9 

30.1 

29.6 

31.9 

31.6 

32.6 

32.3 

28.5 

27.6 

29.9 

29.5 

31.4 

30.9 

31.3 

31.1 

32.5 
32.4 

34.0 

33.9 

.yfWIax  .. 

I  Min  

29.4 

27.6 

30.2 

29.7 

30.8 

30.6 

25.3 

21  0 

26.4 

24.6 

27.8 

26.9 

30.0 

29.3 

31.5 

31.4 

33.4 

32.1 

28.8 

27  6 

29.6 

29.4 

30.9 

30.8 

31.3 

30.8 

32.4 

32.3 

33.8 

33.6 

18  (!!!«••  • 

I  Mm  

30.0 

27.5 

30.8 

28.9 

31.1 

30.0 

27.5 

21.5 

28.8 

23.3 

29.7 

25.3 

30.2 

29.0 

31.3 

31.0 

32.0 

31.6 

29.5 

27.3 

30.0 

28.  S 

30.7 

30.3 

31.4 

30.6 

32.2 

32.0 

33.6 

33.4 

Mm  . . . 

31.2 

30.9 

31.8 

31.4 

32.0 

31.6 

30.1 

29.6 

31.2 

30.6 

31.6 

30.9 

31.0 

30.7 

31.7 

31.5 

31.8 

31.6 

30.8 

30.4 

31.1 

30  6 

31.4 

31.1 

31.9 

31.8 

32.0 

32.0 

33.4 

33.3 

1  Mm. . . 

31.4 

31.0 

31.9 

31.5 

32.1 

31.9 

29.4 

29.3 

31.0 

30.4 

31.5 

31.0 

31.0 

30.9 

31.8 

31.7 

31.9 

31.7 

31.1 

30.9 

31.3 

31.1 

31.7 

31  6 

31.9 

31.6 

32.1 

31.9 

33.3 

33.2 

22  ^ 

(  Mm. . . 

31.2 

31.1 

31.9 

31.6 

32., 

32.0 

29.3 

28.8 

30.1 

29.9 

30.9 

30.7 

30.8 

30.6 

31.8 

31.6 

32.0 

31.8 

31.1 

30  9 

31.4 

31  1 

32.0 

31.8 

31.7 

31.5 

32.2 

32.0 

33.3 

33.2 

23  !   

31.3 

31.2 

31.9 

31.8 

32.2 

32.1 

29.3 

29.0 

30.5 

30.1 

31.2 

31.0 

30.8 

30.6 

31.7 

31.5 

32.0 

31.8 

31.0 

30.8 

31.4 

31  3 

31.9 

31. H 

31.6 

31.4 

32.1 

32.0 

33.3 

33.1 

24  (Mm.... 
^*\Min.... 

31.5 

31  2 

32.1 

31.9 

32.3 

32.2 

29.2 

28.6 

30.9 

30.3 

31.6 

31.0 

31.0 

30.7 

31.7 

31.6 

31.9 

31.7 

31.2 

30.9 

31.4 

31.3 

32.0 

31.8 

31.7 

31.5 

32.1 

32.0 

33.4 

33.1 

o«  f  Max.... 

^*^\Min.... 

30.8 

30.2 

31.6 

31  1 

32.2 

31.7 

27.4 

26.1 

28.9 

2S.1 

30.3 

29.6 

30.4 

29.8 

31.8 

31.1 

32.9 

31.5 

30.5 

30.0 

31.4 

30.7 

32.1 

31.4 

31.2 

30.6 

32.2 

31.6 

33.4 

32  9 

31.5 

31.4 

32.0 

31.9 

32.1 

32.1 

29.9 

29.0 

31.3 

30.7 

31.6 

31.3 

30.8 

30.7 

31.5 

31.5 

31.6 

31.5 

31.2 

31.0 

31.3 

31  3 

31.7 

31.6 

31.6 

31.4 

31.7 

31.6 

32.7 

32.6 

2«(m!?.;:: 

31.9 

31.7 

32.3 

32.1 

32.3 

32  2 

31.0 

30.5 

31.8 

31.6 

32.1 

31  9 

31.2 

31.0 

31.7 

31.6 

31.7 

31.6 

31.6 

31.4 

31.5 

31  5 

31.9 

31.8 

32.0 

31.8 

31.8 

31.6 

32.6 

32  6 

32.2 

32.0 

32.4 

32.3 

32.4 

32.3 

31.6 

31.5 

32.2 

32  1 

32.4 

32  3 

31.4 

31.3 

32.0 

31  9 

31.9 

31  7 

31.9 

31  7 

31.9 

31.8 

32.1 

32.0 

32.1 

32.0 

31.9 

31.8 

32.8 

32.6 

32.1 

31.8 

32.5 

32  3 

32.5 

32.4 

30.9 

30  5 

31.8 

31  4 

32.4 

32  0 

31.4 

31  2 

32.2 

32.0 

32.0 

31.9 

31.8 

31.5 

32.1 

31.8 

32.3 
32.1 

32.0 

31.5 

32.0 

31.9 

32.9 

32.7 

[Max.. 
Ave.  Min.. 
iRuiga 

33.02 
31.66 
1.47 

33.57 
32.78 
0.79 

33.96 
33.53 
0.43 

31.58  32.31,  33.361  32.79 
29.20,  30.99  32.76  31.99 
2.38    1.32'    0.60^  0.80 

33.74 
33.38 
0.36 

34.06 
33.69 
0.37 

32.80 
31.74 
1.06 

.33.21 

a32.75 
0.46 

33.89 
0.30 

33.56 
33.10 
0.45 

34.18 

36.86 
35.26 
0.30 

g6  EXPERIMENT  STATION  BULLETIN. 


TABLE  64.-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED 

WITH  SAND.  JANUARY.  1915. 


Date- 
Maximum, 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

minuniun. 

2' 

4' 

6* 

2* 

4' 

6* 

r 

4' 

6' 

2' 

4* 

6' 

2* 

4' 

1 

»  [  Max 

MmS::;: 

32.2 

32.1 

32.4 

32.4 

32.5 

32.4 

31.5 

31.4 

32.2 

32.0 

32.4 

32.3 

31.4 

31.3 

32.1 

32.0 

31.9 

31.9 

32.0 

31.9 

32.0 

31.9 

32.3 

32.1 

31.9 

31.9 

31.9 

31  7 

32.8 

32  6 

a!  Max 

*\Min.... 

31.8 

31.7 

32.3 

32.3 

32.5 

32.3 

31.1 

3Q.7 

31.6 

31.5 

32.2 

32.1 

31.0 

30.9 

31.9 

31.6 

31.9 

31.5 

31.4 

31.4 

31.8 

31.3 

32.2 

32.0 

31.3 

31.3 

31.7 

31.4 

32.6 

32  4 

e  /  Max 

^\Min:;:: 

32.1 

31.9 

32.3 

32.3 

32.4 

32.3 

31.5 

31.4 

32.1 

31.9 

32.3 

32.2 

31.2 

31.1 

31.2 

31.6 

31.7 

31  5 

31.7 

31.6 

31.8 

31.0 

32.2 

32.0 

31.7 

31.5 

31.6 

31.5 

32.4 

32.3 

«  f  Max 

32.2 

32!  1 

32.3 

32.3 

32.4 

32.3 

31.9 

31.7 

32.2 

32.1 

32.3 

32.3 

31.4 

31.3 

32.1 

31.8 

31.7 

31.6 

32.4 

31.9 

32.3 

31.8 

32.3 

32.1 

32.2 

31.9 

31.8 

31.5 

32.4 

32.3 

f  Max 

'1  Min.'.'!; 

32.3 

32!2 

32.5 

32.4 

32.5 

32.4 

32.1 

32.1 

32.4 

32.3 

32.4 

32.4 

31.8 

31  8 

32.1 

32.1 

31.9 

31.8 

32.5 

32.4 

32.3 

32.3 

32.3 

32.3 

32.4 

32.3 

32.0 

31.9 

32.4 

32.3 

f  Max 

32.4 

32!3 

32.6 

32.4 

32.7 

32.6 

32.2 

32.1 

32.4 

32.3 

32.5 

32.4 

32.0 

31.9 

32.2 

32.2 

32.0 

31.9 

32.5 

32.5 

32.4 

32.3 

32.3 

32.3 

32.3 

32.3 

32.1 

32.0 

32.5 

32.  4 

f  Max 

•*\Min.... 

32.4 

32.3 

32.6 

32.6 

32.9 

32.8 

31.9 
31.8 

32.5 
32.3 

32.6 
32.5 

32.0 
31.8 

32.3 

32.2 

32.1 

32.0 

32.6 

32.5 

32.4 
32.4 

32.4 

32.3 

32.5 
32.4 

32.1 
32.0 

32.6 

32.5 

[  Max 

"iMin.... 

32.2 

32^2 

32.6 

32.5 

32.8 

32.8 

31.9 

31.8 

32.3 

32.2 

32.6 

32.6 

31.5 

31.5 

32.2 

32.1 

32.0 

32.0 

32.2 

32.1 

32.3 

32.2 

32.3 

32.3 

32.3 

32  3 

32.0 

31.9 

32.5 

32.4 

f  Max 

32.3 

32  3 

32.8 

32  7 

33.1 

33.0 

32.0 

31.9 

32.5 

32.3 

32.7 

32.6 

31.8 

31.7 

32.3  1  32.1 

32  2  '  32.0 

32.4 

32.3 

32.3 

32.3 

32.5 

32.4 

32.3 

32.3 

32.0 

3f  .0 

32.6 

32.5 

.„  f  Max 

32.3 

32.3 

32.9 

32.7 

33.1 

33.0 

32.1 

31.8 

32.4 

32.3 

32.8 

32.7 

31.9 

31.6 

32.2 

32  2 

32.1 

32.0 

32.3 

32.3 

32.3 

32.3 

32.5 

32.4 

32.3 

32.3 

32.1 

32.0 

32.6 

32.5 

ij  /  Max 

**\Min.... 

32.3 

32.3 

32.8 

32.7 

33.1 

33.0 

31.8 

31.6 

32.4 

32.3 

32.9 

32.8 

31.5 

31.4 

32.3 

32.1 

32.1 

32.0 

32.3 

32.1 

32.3 

32.3 

32.6 

32.5 

32.3 

32.3 

31.9 

31.8 

32.6 

32.5 

f  Max 

32.3 

32.3 

32.9 

32.7 

33.2 

33.1 

31.8 

31.3 

32.4 

32.3 

32.9 

32.8 

31.7 

31.5 

32.2 

32.1 

32.1 

32.0 

32.3 

32.2 

32.3 

32.2 

32.7 

32.5 

32.3 

32.3 

32.0 

31.9 

32.6 

32.5 

f  Max 

32.4 

32  !3 

32.9 

32.8 

33.2 

83.1 

31.1 

30.9 

32.4 

32.3 

33.0 

32.9 

31.6 

31.4 

32.2 

32.1 

32.1 

32.0 

32.3 

32.1 

32.3 

32:3 

32.6 

32.6 

32.3 

32.3 

32.1 

31.9 

32.6 

32.5 

f  Max 

32.4 

32.3 

32.9 

32.8 

33.2 

33.1 

32.2- 

32.0 

32.6 

32.5 

32.9 

32.8 

32.0 

31.9 

32.3  ;  32.2 

32.3  32.1 

32.5 

32.4 

32.4 

32.4 

32.7 

32.6 

32.3 

32.3 

32.1 

32.0 

32.5 

32.4 

f  Max 

'«{m";;;: 

32.4 

32!4 

32.9 

32.8 

33.2 

33.1 

32.1 

32.1 

32.6 

32.5 

33.1 

32.9 

31.9 

31.9 

32.3 

32.2 

32.2 

32.1 

32.3 

32.3 

32.4 

3^.4 

32.8 

32.7 

32.3 

32.3 

32.0 

31.9 

32.5 

32.4 

r  Max 

2«im"::: 

32.3 

32  3 

32.9 

32.8 

33.2 

33.1 

32.1 

32.1 

32.6 

32.4 

33.1 

32,8 

31.9 

31.  r» 

32.4 

32  3 

32.3 

32.2 

32.2 

32.2 

32.4 

32.4 

32.9 

32.8 

32.4 

32.3 

32.1 

31.9 

32.6 

32.4 

o,  f  Max 

.  Min  .. 

32.3 

32.3 

32.9 

32  0 

33.2 

33.1 

31.7 

31.4 

32.3 

32.2 

33.1 

32  7 

31.6 

31  5 

32.3 

32  3 

32.3 

32  2 

32.2 

32.1 

32.4 

32  2 

32.9 

32.9 

32.4 

32  3 

32.1 

32.0 

32.7 

32.6 

no  /  Max 

32.2 

32  1 

32.9 

32.8 

33.3 

33.1 

30.4 

30.3 

31.4 

31.3 

32.7  ' 

32.0 

31.5 

31.3 

32.4 

32.3 

32.4 

32  3 

31.9 

31  S 

32.4 

32  3 

33.0 

32.9 

32.5 

32.4 

32.2 
32.1 

32.9 

32  7 

f  Max 

32.2 

32.0 

32.6 

32.5 

33.1 

32.9 

30.6 

29.0 

31.0 

30.8 

32.4 

32.2 

31.4 

31.3 

32.3 

32.2 

32.3 

32.3 

32.1 

32.0 

32.3 

32.2 

32.7 

32.6 

32.4 

32.3 

32.2 

32.0 

32.8 

32.7 

»^  f  Max 

2«im"  ;: 

31.5 
31*1 

32  1 

31.8 

32.5 

32^4 

29.8 

28^8 

30.4 

29^7 

31.1 

31.0 

31.1 

30.9 

32.1 

32.0 

32.2 

32.1 

31  6 

31.4 

32.0 

31.9 

32  6 

32  4 

32.1 

31.9 

32.1 

32.0 

32.8 

32.6 

Of,  [  Max. . . 

-"\Min.... 

31.2 

30.7 

32.0 

31.5 

32.5 

32.3 

29.2 

28.0 

30.0 

29.6 

31.0 

30.4 

30.9 

30.5 

32.1 

31.9 

32.3 

32.0 

31.4 

31.1 

32.0 

31.5 

32.6 

32.3 

32.1 

31.7 

32.2 

32.0 

32.9 

32.6 

97  f  Max.... 

^M.  Min.... 

31.2 

30.4 

31.6 

31.2 

32.2 

32.0 

28.9 

26.7 

29.6 

28.0 

30.5 

29.8 

30.9 

30.4 

32.0 

31.8 

32.2 

32.0 

31.3 

31.0 

31.8 

31.5 

32.5 

32.3 

31.8 

31.5 

32.1 

31.8 

32.9 

32.7 

oo  f  Max .... 
-"iMin.... 

30.7 

30.2 

31.4 

31.0 

32.3 

31.8 

28.0 

27.0 

29.0 

28.1 

30.4 

29.7 

30.6 

30.3 

32.0 

31.5 

32.2 

31.8 

31.2 

30.7 

31.9 

31.4 

32.6 

32.3 

32.0 

31.4 

32.2 

31.8 

33.1 

32.8 

9Q  f  Max.... 

30.5 

30.2 

31.2 

30.8 

31.8 

31.5 

27.8 

26.9 

28.7 

28.0 

29.8 

29.4 

30.4 

30.3 

31.6 

31.4 

32.0 

31.8 

30.8 

30.6 

31.4 

31.2 

32.4 

33.2 

31.5 

31.4 

32.0 

31.8 

32.9 

32.7 

oo/  Max.... 

'*"\  Min.  . .. 

29.6 

28.6 

30.2 

20.5 

31.3 

30.5 

25.9 

23.0 

26.8 

25.1 

28.1 

27.1 

29.8 

29.2 

31.4 

30  8 

32.1 

31.4 

30.4 

29.8 

31.4 

30.6 

32.4 

32  0 

31.1 

30.5 

32.0 

31.3 

33.2 

32.6 

fMax. . 
Ave.   Min . . 
[  Range 

31.91 
31.72 
0.19 

32.38 
32.20 
0.18 

32.73 
32.56 
0.17 

30.86 
30.38 
0.48 

31.47 
31.13 
0.34 

32.07 
31.84 
0.23 

31.39 
31.21 
0.18 

32.13 
31.97 
0.16 

32.10 
31.94 
0.16 

31.95 
31.79 
0.16 

32.15 
31.94 
0.21 

32.53 
32.39 
0.14 

32.12 
31.98 

04.3 

32.03 
31.84 
0.19 

32.68 
32.52 
J).16 

■  uigiiizeduyvj^ 

SOIL  TEMPERATURE. 
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TABLE  65. 


-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED 
WITH  RAND,  FEBRUARY.  1015, 


Date- 
Maximum, 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat. 

minimum. 

r 

4' 

6* 

4* 

6' 

r 

4' 

6' 

r 

r 

4' 

8' 

1  1  max — 

MMin.... 

32.2 

32.0 

32.2 

32  1 

32.3 

32.1 

32.2 

32.1 

32.4 

32.3 

32.5 

32.4 

31 .4 

31.1 

31.8 

31  5 

31.6 

31.4 

32.2 

31.9 

32.0 

31.6 

32.2 

32.0 

32.2 

32  1 

31.9 

31.6 

32.5 
32.4 

n  1  max .... 
"^IMin.... 

32.3 

32.3 

32.4 

32  4 

32.4 

32.4 

32.3 

32  2 

32.4 

32.4 

32.6 

32.5 

31.6 

31.5 

32.1 

32.0 

31.7 

31.6 

32.1 

31.5 

32.1 

31.9 

32.3 

32.3 

32.3 

32.3 

32.0 

31.9 

32.5 

32.4 

(  Maw 

o  1  max. . . 

•^IMin.... 

32.3 

31.8 

32.5 

32.3 

32.4 

32.4 

32.3 

32.2 

32.5 

32.4 

32.6 

32  4 

31.4 

31  2 

32.1 

32.0 

31.7 

31.7 

31.1 

31  0 

31.4 

31.4 

32.4 

32.2 

32.4 

32.3 

32.0 

31.9 

32.5 

32.4 

J  ,'  Max .... 
*\Min.... 

31.3 

.30.9 

31.9 

31.6 

32.3 

32.1 

32.3 

32.1 

32.5 

32  4 

32.6 

32.4 

31.1 

31  0 

32.0 
31  6 

31.8 

31.6 

30.9 

30.7 

31.3 
31.1 

32.1 

31.9 

32.4 

32.2 

32.0 

31.7 

32.5 

32.4 

(  Maw 

e  1  max .... 
*\Min.... 

32.1 

31.9 

32.3 

32.3 

32.4 

32.3 

32.2 

32.0 

32.4 

32.3 

32.4 

32.4 

31.4 

31.1 

32.0 

31.7 

31.6 

31.5 

32.1 

31.4 

31.9 

31.4 

32.1 

32.0 

32.3 

32.1 

31.9 

31.8 

32.4 

32.3 

0  f  Max .... 
'*lMin.... 

32.3 

32.2 

32.4 

32.3 

32.4 

32.4 

32.2 

32.1 

32.5 

32.3 

32.5 

32.4 

31.7 

31.6 

32.1 

32.0 

31.8 

31.6 

32.3" 

32.3 

32.2 

32.1 

32.3 

32.2 

32.3 

32.3 

31.9 

31.0 

32.5 

32.5 

(  Maw 

o  I  max. . . . 

^iMin.... 

32.4 

32  2 

32.5 

32.4 

32.5 

32.5 

32.3 

32.2 

32.5 

32.4 

32.8 

32.6 

31.6 

31.5 

32.2 

32.1 

31.9 

31.7 

32.3 

32.1 

32.3 

32.1 

32.4 

32.4 

32.4 

32.2 

32.0 
31.9 

32.6 

32.4 

f  Maw 

9{m!?.;:: 

32.0 
31.7 

32.4 

32.3 

32.6 

32.4 

32.2 

32.1 

32.4 

32.4 

32.8 

32.6 

31.3 

31.0 

32.1 

32.0 

31.9 

31.7 

31.9 

31.6 

32.1 

32.0 

32.4 

32.3 

32.4 

32.2 

32.0 

31.9 

32.6 

32.4 

31.6 

31.0 

32.1 

31.9 

32.6 

32.3 

32.3 

32.1 

32.6 

32.3 

33.0 

32.7 

30.9 

30.5 

32.0 

31.6 

32.1 

31.6 

31.4 

30.9 

32.1 

31.5 

32.6 

32.2 

32.4 

32.2 

32.1 

31.9 

32.6 

32.3 

"{mSJ.;:: 

32.1 

31.9 

32.3 

32.2 

32.3 

32.3 

32.0 

32.0 

32.4 

32.3 

32.7 

32  6 

31.3 

31.0 

31.8 

31.6 

31.5 

31.6 

32.1 

31.6 

32.0 

31.9 

32.3 

32.2 

32.2 

32.1 

31.8 

31.7 

32.4 

32.3 

32.1 

32.1 

32.3 

32.3 

32.4 

32.3 

32.1 

32.0 

32.4 

32.3 

32.8 

32.6 

31.5 
31.4 

32.0 

31.9 

31.6 

31.5 

32.2 

32.2 

32.1 

32.1 

32.3 

32.3 

32.3 

32.2 

31.9 

31.8 

32.4 

32.3 

"{m!?;::: 

32.2 

32.1 

32.4 

32.4 

32.4 

32.4 

32.1 

32.0 

32.5 

32.4 

32.8 

32.7 

31.6 

31.6 

32.1 

32  0 

31.8 

31  6 

32.3 

32  3 

32.2 

32.2 

32.4 

32.3 

32.3 

32.2 

31.9 

31.7 

32.5 

32.4 

»(53!?::;; 

32.2 

32.2 

32.4 

32.3 

32.6 

32.6 

32.2 

32.1 

32.5 

32  5 

32.9 

32.8 

31.8 

31.8 

32.1 

32.1 

31.8 

31.7 

32.4 

32.4 

32.4 

32.3 

32.4 

32.4 

32.3 

32.3 

31.9 

31.9 

32  4 

32.4 

31.9 

31.2 

32.4 

32.3 

32.7 

32.6 

32.0 

31.5 

32.5 

32.4 

32.9 

32.8 

31.2 

30.8 

32.2 

32.0 

31.9 

31.8 

31.8 
31.4 

32.2 

32.2 

32.6 

32.5 

32.3 

31  8 

31.9 

31.9 

32.5 

32.4 

{  Maw 

''{m!?::;: 

32.1 

27.0 

32.3 

29.4 

32.2 

32.1 

32.1 

25.6 

32.3 

29.0 

32.5 

32.3 

31.1 

27.3 

31.4 

31.0 

32.0 

31.5 

32.1 

28.5 

31.8 

31.1 

32.5 

32.2 

31.8 

28.2 

31.4 

31.3 

32.5 

32.3 

"{mI?.;;: 

32.1 

28.0 

32.3 

31.2 

32.4 

32.3 

32.0 

28.1 

32.2 

31.4 

32.6 

32.4 

31.4 

27.4 

31.4 

30.8 

31.8 

31.3 

32.1 

29.3 

31.9 

31.4 

32.4 

32.2 

31.8 

28.0 

31.4 

30.9 

32.5 

32.3 

jg  ■  Max — 

32.0 

28.0 

32.0 

31.2 

32.4 

32.2 

31.9 

28.1 

32.1 

31.5 

32.7 

32.4 

30.5 

28.4 

31.4 

Jl.O 

31.6 

31.3 

31.1 

29.6 

31.4 

31.3 

32.4 

32.1 

31.0 

27.8 

30.9 

30.4 

32.4 

32.3 

f  Maw 

nA  j  max .... 
^"\Min.... 

33.3 

30.5 

32.9 

32.3 

32.4 

32.3 

34.3 

30.5 

34.4 

32.3 

34.1 

32.6 

31.7 

30.8 

31.9 

31.6 

31.7 
31.4 

32.3 

31.1 

32.1 

31.8 

32.4 

32.2 

31.9 

30.5 

31.6 

31.3 

32.4 

32.2 

99 /Max.... 
1  Min.... 

41.5 

37.4 

41.0 

37.0 

38.9 

36.4 

41.3 

37.4 

41.1 

37.1 

40.3 

36.7 

35.6 

32.9 

32.3 

32.0 

31.7 

31.6 

36.6 

33.9 

32.8 

32.3 

32.4 

32.3 

32.1 

32.1 

31.6 

31.5 

32.3 

32.2 

94  i  Max.... 

36.3 

31.0 

37.4 

35.5 

38.0 

36.4 

38.4 

34.1 

37.2 

35.2 

38.0 

36.4 

34.5 

33.4 

34.0 

34.5 

34.4 

34.1 

37.2 

35.3 

37.9 

36.2 

38.5 

37.0 

32.5 

32.3 

31.9 

31.7 

32.4 

32.3 

^m'm"::: 

32.9 

32.7 

33.7 

33.5 

34.3 

34.0 

33.1 

32.7 

33.7 

33.5 

34.5 

34.1 

32.6  1  33.5 

32.6  '  33  .4 

33.4 

33.4 

33.7 

33.5 

34.3 

34.0 

35.1 

34.5 

32.3 

32.3 

31.9. 

31.8 

32.4 

32  4 

32.2 

31.2 

33.0 

32.7 

33.4 

33.2 

32.1 

28.9 

32.3 

32.2 

33.4 

32.8 

32.4 

32.3 

33.4 

33.2 

33.4 

33.0 

32.8 

32.6 

33.4 

33.1 

34.0 

33.5 

32.3 

32  2 

32.0 
31.8 

32.5 

32.3 

?7{Mh.::: 

32.1 

28.6 

32.2 

31  5 

32.8 

32.4 

32.0 

22. 1 

32.2 

25.8 

32.2 

30.7 

32.3 

32.1 

33.1 

32  S 

33.0 

32  6 

32.2 

31.1 

33.0 

32  5 

33.4 

33.0 

32.4 

32.1 

32.1 

31.7 

32.5 

32.3 

/Max.. 
Av6.{  Min. . 
I  Range 

32.76  33.01 
31.43  32.41 
1.33  0.60 

33.13 
32.80 
0.33 

32.86 
31.14 
1.72 

33.13 
32.23 
0.90 

33.40 
32.88 
0.52 

31.82 
31.06 
0.76 

32.26  32.08 
32.021  31.86 
0.24  0.22 

32.49 
31.66 
0.83 

32.48 
32.16 
0.32 

32.87 
32.67 
0.25 

32.20 
31.56 
0.04 

31.83 
31.65 
0.18 

32.47 
32.35 
0.12 
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TABLK  66 -MAXIMUM  AND  MINIMUM  TKMPKRATUUE  OF  DIKFKRENT  TYPES  OF  SOIL,  NOT  COVERED 

WITH  SAND.  MARCH.  1915. 


Date— 
Maximum. 

TninifniiTn 

UUI 1 1  III  Uill* 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

2 

4' 

6' 

2' 

4* 

6' 

2* 

4* 

6' 

2* 

4' 

6' 

2* 

4' 

6' 

,  (Max.... 

*  \  Min  

32.1 

24.0 

32.3 

25.8 

32.0 

29.4 

32.1 

23.0 

32.3 

26.4 

32.2 

29.5 

31.6 

29.3 

32.6 

32.3 

32.5 

32. 1 

31.9 

25.9 

31.4 

30.4 

32.3 

31.9 

31.8 

28  9 

32.1 

31.5 

32.5 

32  3 

„fMax.... 

^  \  Min . . . 

32.1 

30.7 

32.3 

31 .8 

32.2 

32.2 

32.1 

31  2 

32.3 

32  2 

32.4 

32.3 

31.8 

31.2 

32.4 

32.  vJ 

32.3 

32.2 

32.1 

30.7 

31.7 

31.8 

32.2 

32.1 

32.0 

31.7 

31.7 

31  6 

32.4 

32  3 

„  1  Max.... 
*\  Min  

32.0 

21.6 

32.4 

26.0 

31.9 

29.0 

32.2 

23.4 

32.4 

27.4 

32.3 

31 .2 

31.7 

25.1 

32.4 

31  9 

32^4 

31.7 

31.8 

25  4 

31.1 

29.9 

32.1 

31.4 

31.4 

26  1 

31.1 

30.0 

32.5 

32.3 

.  f  Max.. 

*  \  Min  

32.0 

25. 1 

32.3 

27.9 

32.0 

29.7 

32.0 

25  9 

32.3 

28  6 

32.3 

31  4 

31.5 

27.0 

32^1 

31.6 

32.2 

31.7 

31.5 

27.1 

31.1 

29.9 

31.6 

31.2 

31.4 

27.8 

31.1 

30.1 

32.4 

32  2 

.[Max. ... 

\  Min  

31.2 

20.3 

31.7 

30.4 

31.8 

31.0 

31.4 

30.6 

32.0 

31.9 

32.4 

32.3 

30.7 

28.9 

31.8 

31.5 

31.8 

31.4 

31.1 

30.1 

31.2 

31.0 

31.7 

31.5 

31.3 

30  0 

31.2 

30.9 

32.3 

32.2 

fifMax... 

"  \  Min  

31.8 

31.5 

32.1 

32.0 

32.1 

32.0 

31.9 

31  6 

32.2 

32  1 

32.4 

32.3 

31.1 

31.0 

31.8 

31.8 

31.6 

31 .6 

31.5 

31.4 

31.6 

31.5 

31.9 

31.8 

31.7 

31.6 

31.5 

31.4 

32.2 

32.1 

o  fMax.... 

°  \  Min  

32.3 

31.0 

32.4 

32. 1 

32.4 

32.2 

32.1 

31 .8 

32.4 

32, 1 

32.5 

32.2 

31.6 

31.3 

32.2 

31.9 

32.0 

31 .6 

31.9 

31.5 

32.1 

31.7 

32.2 

32.0 

32.0 

31.6 

32.7 

31  4 

32.3 

32  1 

/Max.... 

^  \  Min  

32.0 

31.0 

32.0 

31.7 

32.4 

32. 1 

31.9 

29  4 

32.1 

31 .3 

32.5 

32.2 

31.8 

31  1 

32.2 

32.0 

32.0 

31.5 

32.3 

31.2 

32.0 

31.5 

32.3 

31.9 

32.0 

31.4 

31.7 

31.3 

32.3 

32  1 

10  f • 

\  Mm. . . . 

32.3 

31.8 

32.4 

32.3 

32.3 

32.2 

32.0 

31.6 

32.4 

32. 1 

32.4 

32.3 

32.0 

31 . 7 

32.3 

32. 1 

31.9 

31 . 0 

32.4 

32.3 

32.0 

32. 1 

32.2 

32 . 1 

32.3 

31.7 

32.3 

32  0 

1 1  'i  Mm  — 

"iMin.... 

32.2 

32.1 

32.5 

32.3 

32.3 

32.3 

32.5 

32  1 

33.3 

32.3 

33.4 

32.4 

32.0 

31.8 

32.2 

32.1 

31.9 

31.7 

32.5 

32.3 

32.3 

32.2 

32.3 

32.1 

32.3 

32.1 

31.8 

31.7 

32.2 

32  1 

f  Max 

37.6 

20*5 

38.5 

32^3 

37.6 

32*3 

38.4 

29.5 

38.4 

32.2 

38.8 

32.4 

32.4 

30.9 

32.3 

32.0 

32.0 

31.7 

33.9 

32.1 

32.4 

32.2 

32.3 

32.1 

32.0 

31.5 

32.0 

43.1 

31.9 

43.2 

32.8 

41.8 

33.1 

42.7 

31.0 

42.9 

32.5 

41.7 

33.2 

38.5 

31.8 

37.3 

32.1 

34.3 

31  8 

38.5 

32.3 

35.2 

32.2 

32.6 

32.2 

32.3 

32.0 

31.9 

31.5 

32.3 

32.0 

../Max.... 

^5  (Min.... 

41.9 

34.9 

39.4 

35.4 

38.3 

35.7 

41.4 

34.6 

39.4 

35.2 

38.5 

35.8 

39.7 

34  6 

38.2 

35.6 

37.0 

35.4 

38.6 

34.9 

38.1 

35.4 

37.5 

35.8 

33.4 

32.2 

31.8 

31.6 

32.2 

32.1 

-„  f  Max.  .. 

\  Min 

40.4 

31  4 

38.3 

33.2 

38.8 

33.9 

39.4 

32.0 

39.1 

33.1 

39.5 

34.0 

37.5 

32.5 

38.8 

33.8 

37.1 

33.6 

38.0 

00. 1 

38.6 

34.0 

37.8 

32.4 

32  3 

31.8 

11  A 
01 .0 

32.3 

32  1 

-yfMax.... 

36.6 

29.0 

38.0 

32.3 

37.8 

33.0 

38.8 

30.0 

39.7 

32.4 

39.4 

33.2 

36.1 

30.6 

36.5 

33.4 

34.8 

33.4 

36.3 

31.9 

36.1 

33.0 

35.3 

33.6 

32.3 

32.1 

32.0 

31.6 

32.3 

32.1 

,^/Max.... 

^^\Min.... 

43.1 

30.5 

41.9 

.32.6 

41.2 

34.0 

43.1 

30.8 

43.5 

32.6 

42.7 

33.6 

41.3 

31.9 

40.5 

33.0 

37.6 

33.0 

41.2 

32.5 

38.9 

32.9 

38.2 

33.4 

32.3 

32.1 

31.9 

31.5 

32.3 

32.1 

,   '  Max.... 

44.5 

32  1 

42.2 

33.4 

41.5 

34.4 

43.4 

32  2 

43.3 

33.4 

42.6 

34.6 

41.0 

.32.9 

41.1 

34..') 

38.7 

34.4 

41.8 

33.4 

40.8 

.34.3 

38.2 

34.7 

32.3 

32.1 

31.9 

31  6 

32.3 

32  1 

on   

47.3 

32.3 

41.6 

33.7 

41.2 

34.8 

45.4 

32.4 

41.9 

33.7 

41.8 

34.9 

43.1 

33.2 

40.0 

34  S 

38.5 

35.1 

41.5 

33.6 

40.5 

34.8 

39.5 

35  6 

32.7 

32.3 

31.9 

31  6 

32.3 

32  1 

22 /Max.... 

38.1 

32.8 

38.2 

33.6 

37.8 

34.1 

38.2 

33.0 

38.3 

33.6 

38.0 

.34.3 

37.4 

33.4 

37.0 

33  5 

35.5 

.33  4 

38.0 

33  4 

37.3 

34.0 

36.6 

34  4 

32.3 

32.2 

31.9 

31  7 

32.3 

32  2 

M  f  Max. . . . 

^^\Min.... 

46.0 

32.1 

44.1 

33.2 

43.2 

34.0 

45.1 

32.1 

44.5 

33  0 

43.9 

33.9 

41.0 

32.4 

40.8 

33.9 

38.4 

34.0 

42.6 

33.2 

41.4 

34.0^ 

38.6 

34.6 

32.8 

32  0 

31.9 

31.5 

32.3 

32  2 

/  Max.... 

*  \  Min  

44.2 

32.5 

43.7 

33  9 

42.4 

34.8 

44.3 

32.7 

43.8 

33  8 

42.5 

34.9 

42.1 

32.0 

40.6 

34  4 

38.0 

34.6 

42.5 

33  8 

40.8 

34.7 

38.2 

35.5 

34.0 

32.2 

31.9 

31.6 

32.3 

32.2 

25/Max.... 

41.4 

38.9 

41.1 

39.2 

41.2 

39  1 

41.4 

3S.8 

41.4 

.39.1 

41,7 

39  5 

40.2 

38  1 

40.2 

38.3 

38.0 

37.6 

40.4 

38.9 

40.4 

38.7 

39.8 

38.6 

34.4 

33.1 

31.8 

31.5 

32.2 

32.2 

■■^\  Min. . . . 

35.7 

30.3 

37.6 

.32.9 

38.0 

33,7 

36.2 

30.8 

37.6 

32  8 

38.3 

33.9 

33.6 

30  9 

34.8 

33.9 

34.9 

34.1 

35.9 

32.8 

36.4 

33.7 

36.2 

34.8 

32.3 

32  2 

32.0 

31  8 

32.3 

32  3 

'  Max  — 

"  \  Min. , . . 

38.3 

29.7 

40.2 

32.0 

39.4 

32.9 

39.9 

29.4 

40.4 

31.7 

39.9 

.33.0 

36.5 

30.5 

36.1 

32  6 

34.5 

33.0 

37.6 

31.8 

36.9 

32.9 

35.8 

33  6 

32.0 

31.5 

32.0 
31  6 

32.3 

32  2 

o(,  f  Max . . . 
-MMin  ... 

31.5 

28  4 

32.3 

30  9 

32.6 

32  4 

31.0 

27.9 

31.8 

30.4 

32.8 

32  5 

31.4 

29.8 

32.6 

.32.3 

33.0 

32.5 

32.2 

31  0 

32.9 

.32.6 

33.7 

33.4 

31.8 
30  4 

32.0 

31.9 

32.4 

32  3 

^r.  f  Max.... 
Min... 

33.5 

27  3 

33.3 

•29  9 

32.3 

31  7 

33.4 

25.8 

33.6 

2S.3 

32.5 

SI..") 

32.0 

27.9 

31.8 

31.5 

32.3 

31  9 

32.6 

28.4 

32.1 

31.8 

32.8 

32.3 

31.9 
31  4 

32.0 

31.6 

32.4 

32.2 

.2,   Max  . . 

]  Min.  .. 

34.9 

30.4 

33.2 

32  1 

33.3 

32  4 

34.4 

30  0 

34.3 

31.  S 

34.5 

32.6 

31.9 

31  2 

32.2 

32.1 

32.1 

32.0 

32.4 

.32.0 

32.4 

32.2 

32.6 

32.6 

32.1 

31.4 

31.8 

31  8 

32.3 

32.3 

fMax.. 
Ave.j  Min  . 
( Range 

37.01 
30.48 
6.53 

36.64 
32.08 
4.58 

36.28 
32.60 

3.3. 

36.92 
3C.50 
6.42 

36.99 
32.07 
4.92 

38.81  35.2E 
33.18.  31.24 
3.63.  4.04 

35.28 
33.01 
2.27 

34.38 
32.91 
1.47 

35.70 
31.74 
3.96 

35.14 
32.71 
2.43 

34.80 
33.31 
1.49 

32.29 
31.36 
0.93 

nr 

31.82 
31.43 
0.38 

32.32 
32.16 
0.16 
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TABLE  G7.-MAXIMUM  AND  MINIMUM  TEMPKR.ATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED 

WITH  SAND.  APRIL.  1915. 


Date- 
Maximum, 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

minimum. 

2' 

4' 

6' 

2' 

4' 

6' 

2* 

4'" 

6' 

2* 

4* 

6' 

2* 

4' 

6' 

l/Max.... 
[  Min. . .  . 

41.2 

32. 1 

39.3 

32  6 

38.5 

33  0 

42.2 

32  2 

40.2 

32  6 

39.7 

33.3 

34.4 

31  8 

33.3 

32  1 

32.3 

32  1 

36.3 

32  4 

34.9 

32  3 

34.0 

32  6 

32.2 

32  1 

31.7 

31  6 

32.3 

32  3 

o/Max  .  . 

V  Mm .... 

43.9 

32  6 

41.4 

33  4 

40.4 

34  0 

43.9 

32  6 

41.9 

33  4 

41.1 

34  3 

40.8 

32  3 

39.4 

33  1 

37.0 

32  9 

40.4 

■  33  Q 

39.1 

33  4 

37.7 

33  6 

32.3 

32  1 

31.8 

31  6 

32.3 

32  3 

3  [Max.... 

1  Min .... 

45.3 
31.9 

45.2 

33  1 

43.4 

34  0 

45.1 

31  9 

45.0 

33  0 

43.7 

34  0 

44.2 

32  3 

42.3 

34  0 

38.7 

33  7 

43.4 

33  2 

41.5 

34  0 

38.4 
34  4 

32.3 

32  1 

31.9 

31  6 

32.4 

32  3 

e 'Max  ... 

[  Mm. . . . 

46.0 

38  9 

45.0 

38  8 

43.5 

38  7 

46.6 

38  7 

45.7 

38  7 

44.3 

38  7 

44.9 

38  4 

42.8 

38  5 

40.3 

37  7 

44.5 

38  8 

42.4 

38  6 

41.0 

38  4 

33.5 

32  2 

31.7 

31  6 

32.3 

32  3 

g/Max.... 
\  Min. . . 

57.4 

39.5 

54.2 

38  4 

51.9 

38  3 

57.9 

38  8 

55.9 

38  2 

53.6 

38  1 

54.6 

38  2 

51.3 

38  3 

46.0 

37  9 

53.7 

38  4 

50.5 

38  3 

47.0 

38  6- 

38.5 

32  3 

31.8 

-31  6 

32.4 

32  3 

7^  Max.... 
\  Min. . . . 

60.1 

41 .7 

58.6 

41  6 

55.8 

42  1 

60.0 
41  0 

se.2 

41  1 

57.0 
41  8 

58. 2« 
41  4 

54.6 

42  1 

49.3 

41  8 

56.9 

42  0 

53.5 

42  2 

48.9 

42  5 

41.5 

33  4 

31.8 

31  6 

32.4 

32  3 

g  ^  Max  — 

I  Min .... 

60.8 

41.4 

58.3 

41  0 

55.9 

41  7 

59.4 

30  8 

68.3 

39  6 

56.2 

40  6 

57.5 

40  5 

54.9 

41  8 

50.0 

42  5 

56.3 
40  7 

S3.2 
41  5 

50.2 

42  9 

41.4 

32  3 

31.8 

31  6 

32.5 

32  3 

gfMax... 

[  Min. . . . 

56.5 
47  0 

53.8 
46  1 

51.9 

45  9 

66.8 

46  2 

54.5 

45  7 

52.7 

45  7 

54.0 

46  0 

51.4 

45  9 

48.1 

45  3 

53.0 
45  4 

50.2 
45  6 

48.7 

10.  V 

44.6 

O-t.  4 

33.4 

32  0 

32.9 

^9  7 

I  Mm. .  . . 

54.0 

50  7 

52.6 

50  2 

51.0 
49  4 

54.4 

50  9 

53.1 

50  2 

51.5 

49  7 

53.1 

•)U.  * 

50.7 

49  3 

48.7 

47  7 

52.5 
49  9 

50.2 
48  9 

49.6 

Afi  A 

45.2 

AO  A 

38.4 

34  9 

37.5 

Q 

OO.O 

,2^Max. ... 

\  Min .... 

40.3 

36.4 

40.7 

37  5 

41.2 

39  0 

40.1 

35  6 

40.5 

36  8 

41.0 

38  5 

40.5 

36  9 

41.4 

39  4 

40.9 

40  4 

41.1 

38  0 

41.5 

39  6 

41.8 

41  2 

40.6 

37  5 

40.2 

39  5 

41.4 

40  8 

13  [Max.  . 

I  Min. . . 

57.1 

33  2 

53.3 

34  9 

51.4 

36  5 

57.4 

32  5 

56.1 

34  0 

53.8 

35  7 

53.7 

o4  .0 

51.5 

36  8 

47.0 

52.9 

34  8 

50.2 

1R  A 
oO.  0 

47.3 

"in  1 

oo.  1 

53.1 

•SO.  0 

46.7 

IT  A 

42.3 

OV.  1 

14  f  Max  .  . 

I  Min .... 

62.9 

39  2 

56.6 

38  2 

56.4 

39  1 

63.3 

38  1 

se.9 

37  7 

58.1 

38  6 

56.8 

57  0 

54.6 

39  0 

48.8 

40  2 

57.3 

37  8 

54.8 

38  6 

51.6 

40  3 

S5.1 

^7  A 
Of  .  0 

48.5 

An  9 

44.7 

11  K 
41.0 

\  Mm. .  , . 

60.7 

37. 1 

61.5 

39.5 

57.3 

41.7 

68.1 

36.2 

62.9 

3K.1 

58.7 

40.9 

63.5 

37.6 

56.5 

41.3 

51.2 

42.7 

61.7 

37.9 

55.6 

40.3 

52.6 

42.9 

55.4 

39.3 

49.5 

42.3 

46.5 

43.3 

^"iMin... 

54.1 

46  8 

52.0 

47.5 

50.5 

48.0 

S5.2 

46  5 

53.3 

47.4 

51.3 

47.9 

52.6 

46  9 

50.2 

47.7 

48.3 

47.0 

52.4 

47.2 

48.7 
47  1 

49.1 

47.7 

51.1 

46.5 

48.0 

46.3 

47.0 

46.4 

r  Max 

1  7      ITMM  .... 

^^IMin.... 

70.3 
34.7 

64.9 

37.5 

59.9 

39.9 

71.0 

33.6 

68.6 

35.9 

62.2 

38  6 

66.6 

36.4 

56.8 

40  4 

52.4 

42.1 

63.5 

36.4 

58.2 

39.2 

53.4 

41.7 

58.0 

58.7 

50.6 

42.1 

46.0 

43.9 

iQ  '  Max. . . . 
Min.  .. 

73.8 

49.9 

68.6 

50.3 

64.4 

60.7 

73.3 

49.9 

68.6 

50.2 

66.0 

50.8 

70.4 

49.8 

64i7 

50.5 

57.9 

49.6 

68.2 

49.5 

63.6 

49.7 

58.1 

50.2 

61.8 

49.6 

55.0 

48.0 

50.5 

48.3 

nn  '  Max.  .  .  . 

^"i  Min.... 

74.0 

50.6 

68.1 

51.8 

64.9 

.52.9 

72.7 

50.6 

68.6 

51.5 

65.8 

.52.8 

70.9 

51.4 

65.6 

53  0 

58.7 

52.8 

68.1 

51.1 

64.0 

52  0 

60.6 

53.0 

62.3 

49.6 

57.0 

50.5 

52.9 

51.0 

9,  ^Max  ... 

65.9 

45,9 

62.1 

48.0 

58.7 

50.0 

64.7 

46. 1 

62.0 

47.4 

58.0 

49  7 

64.1 

47.3 

56.1 

50  4 

55.8 

51.6 

62.0 

46  9 

57.5 

48.5 

56.1 

50.8 

56.4 

40.0 

53.1 

49.4 

51.5 

50.5 

22  >  Max — 
I  Min.... 

68.0 

50.2 

65.1 

50.7 

61.6 

51  3 

68.0 

50  0 

66.7 

50  3 

63.3 

51.0 

67.2 

50  5 

62.1 

51  5 

56.6 

51.2 

65.2 

49.9 

61.4 

50.4 

57,7 

51  1 

63.3- 

48.9 

56.5 

49.6 

52.5 

.50  7 

M  \  Max .... 
\  Mm .... 

83.7 

54.6 

76.6 

54.5 

71.8 

54.7 

84.0 

54.4 

78.2 

54.5 

74.1 

54.8 

81.2 

54.9 

73.0 

55.2 

65.1 

54.1 

77.6 

54.6 

71.0 

54.5 

66.2 

54.6 

73.7 
54  2 

65.5 

54.0 

68.4 

53.9 

\  Max  

I  Min. . . . 

86.1 

59.5 

80.6 

60.4 

75.7 

60.8 

84.9 

59.9 

81.2 

60.6 

77.2 

61.2 

83.7 

60.8 

76.9 

61.5 

68.7 

60.2 

80.3 

60.0 

75.2 

59.8 

69.8 

60.6 

75.7 

59.8 

68.4 

59.9 

62.0 

59.1 

2g/Max.... 
^®lMin.... 

87.8 

61.1 

80.9 

62.5 

77.0 

63.5 

85.7 

fil.l 

80.7 

61.8 

77.5 

63.1 

85.8 

62.0 

78.3 

64.1 

71.8 

63.9 

82.2 

61.5 

76.4 

61.7 

72.6 

63.7 

77.6 

60.8 

70.8 

62.5 

65.8 

63.4 

27{m??:::; 

84.1 

61.7 

78.2 

63.1 

75.5 

64.3 

81.7 

61.8 

77.7 

62.6 

75.5 

64.0 

82.3 

63  3 

76.8 

65.0 

71.1 

64.8 

79.6 

62  0 

74.8 

62  0 

71.8 

64  4 

74.2 

01.4 

68.7 

63.1 

65.7 

63.8 

80.5 

60.5 

78.0 

62.2 

75.0 

63.5 

81.3 

61.0 

77.3 

61.0 

75.1 

63.4 

82.1 

62.3 

76.7 

64.4 

71.0 

64.4 

79.3 

61.1 

74.5 

62.6 

71.6 

64.0 

75.1 

00.5 

70.0 

62.8 

66.0 

64.1 

74.5 

56.3 

71.8 

59.4 

68.1 

61  0 

74.6 

57.2 

71.4 

59.1 

68.2 

61.8 

75.1 

58.6 

68.3 

62.6 

66.5 

63  6 

71.8 

57.1 

66.9 

60.1 

66.2 

62  6 

68.4 

57.0 

64.8 

61.7 

64.1 

62.7 

55.5 

52.7 

55.7 

54  5 

57.8 

56  0 

55.8 

53.2 

55.7 

54  3 

57.7 

55.8 

56.8 

54  7 

57.1 

58.3 

58.5 

57.0 

54.8 

53.2 

56.0 

54.6 

58.2 

55.9 

55.5 

53.7 

57.5 

56.3 

61.0 

58.5 

Ave. 

[Max.. 
Min  . 
Range 

63.56 
46.63 
17.93 

60.20 
46.45 
13.75 

57.69 
47.34 
10.35 

63.46 
45.38 
18.08 

60.85 
46. C2 
14.83 

58.63 
47.11 
11.52 

61.36 
45.99 
15.37 

57.48 
47.55 
9.93 

53.22 
47.51 
5.71 

50.81 
45.88 
13.83 

56.42 
46.62 
9.80 

53.97 
47.99 
5.98 

53.88 
44.83 
9.25 

48.78 
44.38 
4.40 

46.70 
45.15 
1.55 
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TABLE  68 -MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  CO\TaiED 

WITH  SAND,  MAY,  1915. 


Date- 
Maximum. 

Giavel. 

Sand. 

Loam. 

Clay. 

Peat 

minimum. 

2* 

4' 

6" 

r 

4' 

6' 

r 

4' 

6* 

2* 

4' 

6" 

r 

4' 

6' 

1  f  Max.... 
\  Min. 

65.3 

47.6 

62.3 

49.7 

60.6 

50.8 

63.3 

47.8 

62.4 

48.9 

60.9 

50.7 

63.7 

48.8 

61.8 

51.6 

58.0 

52.8 

61.8 

48.1 

60.0 

49.6 

58.0 

51.8 

61.6 

48.8 

58.4 

62.0 

56.7 

65  0 

»fMax.... 
•>  i  \jin  

52.9 

52.0 

54.7 

53.3 

55.9 

54.0 

53.5 

51.8 

54.7 

52.9 

56.3 

53.9 

56.5 

54.6 

56.9 

54.4 

53.4 

53.0 

53.3 

52.9 

56.0 

54.2 

53.8 

63.3 

55.8 

54.3 

58.0 

55.9 

./Max.... 

49.7 

47.0 

51.0 

49.0 

51.4 

49.8 

49.6 

46.4 

50.6 

47.8 

51.2 

49.4 

51.3 

48.6 

52.0 

50.5 

51.7 

50.5 

51.1 

48.6 

50.6 

49.2 

51.5 

50.5 

52.2 

49.4 

52.0 

60.8 

54.2 

63.0 

-/Max.... 

1  Min 

57.8 

45.0 

57.4 

46.2 

55.9 

47.5 

58.6 

44.6 

58.3 

45.4 

57.3 

46.5 

58.1 

45.7 

56.5 

47.8 

53.4 

48.5 

57.6 

46.0 

54.7 

48.2 

54.1 

48.6 

59.0 

46.3 

55.1 
48.8 

53.1 

51.5 

-/Max.... 

69.1 

45.5 

64.3 

45.0 

61.2 

47.3 

72.3 
44.7 

67.9 

44.9 

63.6 

46.1 

65.2 

45.4 

60.4 

47.3 

56.4 

48.5 

65.9 

45.6 

61.0 

45.8 

.58.3 
48.8 

63.0 

44.6 

69.1 

48.0 

55.1 

51.7 

-/Max.... 

57.0 

53.4 

57.9 

53.7 

57.6 

54.0 

58.8 

53.6 

58.1 

53.7 

58.8 
54.1 

58.0 

53.2 

57.5 

53.9 

55.2 

53.2 

57.7 

53.9 

57.2 

63.8 

56.4 

54.2 

56.2 

63.9 

57.2 

54.4 

55.7 

55.0 

gJMax.... 
\  Min 

55.5 

47.5 

56.0 

48.5 

55.4 

49.6 

56.9 

47.3 

57.2 

47.8 

56.7 

48.9 

55.7 

47.8 

54.9 

49.6 

52.8 

50.1 

56.0 

48.0 

54.0 

49.1 

54.0 

60.4 

56.9 

48.4 

54.4 

60.7 

53.9 

63.2 

.^/Max.... 
\  Min 

73.2 

39.6 

66.9 

41.0 

63.4 

43.2 

76.2 

38.4 

69.4 

39.4 

66.5 

41.8 

65.7 

39.6 

61.8 

43.1 

56.1 

46  4 

65.6 

40.7 

61.6 

42.6 

58.0 
46.4 

65.5 

40.5 

59.0 

45.1 

53.4 

49.6 

,l/Max.... 

78.7 

46.4 

72.6 

47.5 

68.5 

49.4 

79.6 

45.7 

74.2 

46.5 

70.8 

48.4 

73.4 

45.8 

67.7 

48.6 

61.1 

49.7 

71.2 
46.7 

66.7 

48.2 

62.4 

50.2 

68.9 

46.4 

62.2 

49.2 

56.1 

62.5 

1  «>  /  Max .... 
i  Min. 

82.9 

51.5 

75.2 

52.8 

71.6 

54.3 

83.1 

50.9 

77.3 

51.7 

73.6 

53.5 

78.3 

51.6 

71.3 

53.9 

65.0 

54.7 

76.0 

51.4 

69.9 

62.8 

66.1 

64.5 

71.9 

50.1 

65.1 

53.6 

59.3 

65.7 

i„  /  Max.... 

\  Min. 

76.4 

65.0 

69.6 

56.5 

67.6 

58.0 

75.3 

54.8 

70.1 

55.6 

68.5 

57.6 

71.4 

54.7 

68.0 

58.0 

63.6 

58.4 

70.6 

55.3 

66.2 

56.6 

64*^1 

58.3 

68.4 

64  4 

63.8 

57.0 

S9.8 

57.7 

f  Max.... 

\  Min 

81.9 

51.0 

74.4 

53.0 

71.2 

54.5 

80.3 

50.2 

74.8 

51.2 

72.0 

53.4 

76.5 

50.2 

71.5 

54.5 

65.8 

56.0 

75.2 

51.0 

68.9 

62.6 

66.0 

55.4 

70.1 

50.0 

65.3 

54.3 

60.5 

57.4 

j.fMax... 
\  Min. 

69.0 

51.0 

66.4 

53.7 

64.3 

56.2 

67.4 

50.4 

66.0 

52.3 

64.3 

55.2 

85,8 

50.7 

64.2 

56.1 

60.8 

57.9 

65.0 

50.7 

62.5 

53.6 

60.8 

56.7 

63.0 

50.1 

58.5 

55.1 

58.5 

66.8 

.-/Max.... 

53.2 
44.0 

53.0 

45.7 

53.0 

47.6 

54.0 

43.5 

53.5 

44.7 

53.6 

46.6 

52.2 

44.2 

53.5 

48.2 

52.1 

49.8 

53.0 

46.5 

52.8 

47.2 

52.6 
49.6 

54.0 

45.4 

52.9 

49.0 

S2.8 

51.9 

j„  f  Max.... 

\  Min .... 

53.0 

39.3 

51.9 

41.8 

51.1 

44.3 

53.3 

38.0 

52.0 

40.3 

51.5 

43.0 

51.8 

39.7 

51.7 

44.6 

49.7 

46.7 

52.4 
41.0 

51.1 

43.6 

50.5 

46.6 

53.0 

41.1 

50.5 

45.8 

49.8 

60.2 

,n  /  Max  

*»iMin.... 

67.5 

39.5 

64.2 

40.5 

61.0 

42.2 

70.3 

37.6 

66.4 

38.3 

63.6 

40.7 

62.7 

38.2 

56.2 

42.2 

54.2 
44.3 

62.2 

40.7 

58.0 

41.2 

55.6 

44.3 

62.5 

39.7 

56.0 

44.6 

51.4 

48.2 

ry,.  f  Max  — 
2"  I  Min.... 

51.0 

46.2 

50.6 

48.0 

50.5 

49.2 

51.0 

46.0 

50.8 

47.2 

50.4 

48.9 

49.2 

45.6 

49.9 

49.5 

49.4 

48.9 

50.3 

46.7 

49.2 

46.6 

50.0 

49.4 

60.2 
46.8 

49.7 

48  9 

51.1 

50.3 

9,  f  Max.... 

^M.  Min.... 

67.5 

50.5 

64.1 

50.5 

61.8 

50.2 

70.4 

50.6 

66.6 

50.4 

64.6 

50.3 

64.3 

49.2 

60.5 

50.0 

56.2 

49.0 

64.7 

50.5 

60.5 

49.3 

58.2 

49.9 

64.3 

50.5 

58.9 

49.6 

54.1 

50  3 

fMax.... 

Min.... 

60.9 

50.0 

60.1 

50.6 

68.6 

51.8 

62.0 

49.  S 

61.5 

50.0 

60.0 

51.3 

59.4 

49.7 

57.5 

51.2 

54.5 

51.6 

58.5 

50.3 

55.7 

49  6 

55.6 

62.3 

58.0 

60.4 

65.8 

52.2 

54.0 

53.3 

.M   Max  .  . . 

*"  1  Min 

71.2 

55.5 

69.6 

50.2 

66.7 

50.9 

73.5 

55.2 

71.0 

55.7 

68.5 

56.7 

68.9 

55.5 

66.0 

56.5 

61.6 

55.9 

68.1 

55.6 

64.7 

55.4 

62.5 

56.1 

67.6 

56.4 

70.8 

66.8 

58.7 

56.4 

1  Max 

\  Min.  .  .. 

68.9 

5tt  5 

66.8 

56  5 

64.1 

57  1 

70.0 

55  9 

68.2 

55.7 

65.5 

56  5 

67.5 

55  9 

63.8 

56  8 

60.5 

56  7 

66.1 

55  9 

62.7 

55  8 

61.2 

57  0 

65.5 

56  2 

61.4 

00.  V 

58.3 

Oo.U 

Mm  

61.4 

63.3 

59.6 

55.7 

59.4 

57.0 

62.7 

53.1 

61.0 

54.0 

60.8 

56.9 

59.4 

55.0 

58.7 

56.9 

57.3 

55.5 

59.0 

55.2 

57.7 

56.3 

56.0 

56.1 

59.6 

56.6 

58.3 

56.4 

58.8 

67.4 

(  Max . . . 

\  Min .... 

68.2 

41.0 

63.2 

42.6 

^  61.6 

45.2 

68.1 

39.4 

64.1 

40.7 

62.3 

43.2 

63.3 

40.9 

60.3 

45.4 

56.3 

48.0 

62.3 

41.7 

59.1 

44.1 

57.3 

47.0 

61.4 

46.0 

57.2 

48.5 

54.6 

62.6 

ou  f  Max  

^^\Min.... 

61.2 

48.3 

59.1 

49.1 

57.7 

.50.4 

58.7 

47.3 

59.5 

47.6 

58.9 

48.9 

58.9 

47.8 

56.8 

49.9 

54.4 

50.8 

58.1 

48.0 

55.5 

48.8 

56.2 

50.7 

67.5 

48.3 

55.1 

50.8 

54.1 

63.1 

„o  i  Max. . .. 

2^  I  Min... 

58.1 

51.5 

57.2 

52.1 

56.5 

52.8 

58.8 

51.0 

57.8 

51.4 

57.0 

52.3 

57.4 

51.4 

56.3 

52.5 

54.3 

52.4 

57.3 

51.7 

56.5 

51.9 

56.1 

52.8 

58.0 

61.0 

55.6 

62.6 

54.8 

54.0 

r  Max  

^^Min.... 

83.1 

50.8 

75.4 

51.3 

71.6 

52.7 

83.2 

50.1 

77.4 

50.1 

73.8 

51.6 

74.9 

50.0 

70.9 

52.1 

64.6 

53.3 

74.8 

50.4 

68.9 

61.1 

65.1 

53.2 

71.2 
49.7 

64.7 

52.9 

56.0 

55.7 

[Max.. 
Ave.j  Min  . 
(  Range 

65.18 
48.42 
16.76 

62.45 
49.67 
12.78 

61.09 
51.00 
10.09 

65.80 
47.86 
17.94 

63.54 
48.66 
14.88 

61.96 
50.25 
11.71 

62763 
48.41 
14.22 

60.36 
50.98 
9.38 

57.00 
51.65 
5.35 

62.09 
48.94 
13.15 

56.15 
49.75 
9.40 

57.79 
51.69 
6.10 

61.44 
48.93 
12.51 

58.22 
51.43 
8.78 

65.65 
53.71 
1.94 
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TABLE  69.— MAXIMUM  AND  MINIMUM  TEMPERATURK  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED 

WITH  SAND.  Jl'NE.  1915. 


Gravel. 


Sand. 


Loam. 


Clay. 


Peat. 


81.5 

54.1 


59.! 


60.8 

57.4 


83.7 

56  5 


86.8 

56.0 


82.1 

62.1 


70.3 

52.4 


74.4 

55.1 

72.8 

58.0 

68.0 

57.5 

78.5 

56.4 

73.0 

56.2 

71.6 

58.7 

77.5 

57.3 

78.0 

58.4 

83.1 

51.5 

74.1 

55.5 

84.8 

.57.9 


75.9 

55.3  j 

63.3 

61.0 

60.8  ! 

57.8 

78.3  I 
56.7 

80.6 

57.0 

79.8 

67.8 

68.8 

53.5 

64.1 

55.7 

62.0 

51.3 

73.8 

57.5 

78.5 

55.1 

70.4 

56.3 

70.5 

59.2 

68.8 

57.7 

76.3 

57.5 

70.7 

57.4 

68.7 

60.4 

74.6 

57.9 

74.9 

59.1 

79.0 

53.9 

71.9 

57.5 

80.5 

59.1 


72.0 

56.9  ! 


81.7 

53.5 


63.0  i  63.4 

61.8  i  59.8 


92.4  I  86.1 

57.0  59.1 


92.9 

62.6  I 

72.8 

65.1  I 

87.5 

61.7  I 


60.3 

58.2 


74.1 

57  0  ; 


77.0  1 

58.8 


75.8  I 

68.0  ' 


67.9  I 

55.9 


63.4 

57.8  i 


60.0 

53.3 


70.1 

57.2 


74.5  I 

56.8 


87.0 

63.5 ; 

71.5 

66  .3  I 

82.8 

61.9 


68.7 

60.4 

68.0 

59.0 

73.0 

59.0 

68.7 

59.0 

67.4 

62.0 

70.8 

59.5 

72.8 

60.5 

75.5 

57.3 

69.1 

60.0 

76.8 

60.6 

81.5 

61.5 

83.5 

65.5 

70.3 

68.1 

80.0 

63.1 


60.8 

57.1 


84.5  I 

56.4  ! 


86.5 

55.2 


83.1 

64.6 


74.4 

51.0 


67.4 

53.7 


64.7 

48.5 


.78.0 

58.1 


53.5 


68.7  75.4 

58.3  !  54.5 


77.731  73.87  71.27 
(57.81   57. 9C:  59.84 
20.12  15.971  11.13 


74.6 

57.9 

60.5 

67.5 

85.4 

56.4 

75.2 

56.6 

75.9 

58.9 


81.3 

58.3 

84.6 

60.8 

75.3 

54.6 

84.6 

57.7 

90.1 

56.5 

88.9 
61.7 

73.1 

64.5 
90.2 

00  (> 

78.25 
56.73 
21.52 


77.4  ! 

54.0 


63.4 

60.5 


60.8 

57.4 


80.0 

56.2 


81.8 

55.7 


66.9 

71.7 

51.7 

65.1 

54.5 

62.6 

49.2 

76.3 

57.5 

80.6 

53.8 

71.5 

54  9 

73.0 

58.5 

70.0 

57.3 

81.5 

56.9 

71.9 

57.0 

71.8 

60.0 

77.6 

56.9 

77.8 

68.3 

80.7 

52.3 

73.0 

56.2 

81.7 

58.4 

86.2 

57.9 

85.8 

62.6 

71.7 

65.6 

85.7 

fiO.S 

75.40 
57.35 
18.05 


73.6 

56.0 

63.2 

61.5 

60.5 

57.9 

76.7 

56.8 

78.9 

57.8 

77.1 

68.1 

70.1 

53.9 

63.9 

56.9 

60.7 

51.2 

73.4 

57.3 

77.0 

55.6 

69.7 

57.1 

70.8 

59.7 

69.7 

58.2 

78.3 

58.1 

70.9 

68  .9  ' 

70.5 

61.8 

74.0  I 

58.5 

75.4  , 

59.8 

77.8 

55.6 

70.3 

58.7 

78.4 

59.9 

82.6 

60.6 

83.1 
6t.8 

70.5 

67.4 

83.4 

62  0 


78.0 

53  2 

63.2 

60.0 

59.6 

57.4 

79.0 

65.2 

82.1 

56.1 

81.3 

67,2 

70.1 

52.6 

64.8 

54  9 

62.5 

49.8 

75.3 

57.2 

80.6 

54.0 

70.7 

55.2 

70.8 

58.4 

68.0 

56.5 

75.9 

66  6 

69.9 

55.5 

69.3 

59.1 

74.5 

56.7 

75.3 

58.0 

80.5 

52.3 

72.4 

56.4 

81.5 

57.9 

86.9 ; 

57.1  , 
88.0  , 


•  70.9 

I  63  8 

83.3 

60.4 


71.6  ' 

56.5 

63.0  i 

61.5 

60.3  ! 

58  .4  ' 

73.6 

57,2  I 

76.8 

68.7 

76.6 

67.4 

68.3 

66.8 

63.7 

58.4 

60.4 

53.3 

70.6 

57.5 

74.9 

57.0 

68.2 

58.5 

68.7 

60.5 

67.4 

69.0 

72.6 

59.1 

68.0 

68.8 

67.4 

62.2 

70.0 

59.5 

72.6 

60.6 

75.8 

57.3 

69.0 

60.3 

76.9 

60.6 

81.4 

61.6 

83.4 

65.6 

70,6 

68  2 

80.5 

6.3  7 


66.1 

57.3 


61.3 

60.8 


58.5 

57.9 


67.0 

56.9 


70.0 

59.8 


70.8 

67.4 


65.1 

59.2 


61.8 


58.9 

55  3 

64.7 

56.7 

68.7 

58.2 

65.2 

60.1 

65.1 

60.6 

63.9 

59.6 

67.5 

59.5 

64.7 

60.0 

65.0 

62.4 

66.0 

SO. 7  I 

68.0 

61.2 


75.4 

53.8 

I 

62.6 

59.2 

61.1 

57.8  I 

77.0 

56.8 

80.3 

56.2 

80.3 

67.1 

70.2 

63.6 

64.3 

65.8 

62.0 

60.6 

73.9 

.58.0 

79.0 

64.9 

70.4 

66.5 

71.2 

59.3 

69.0 

67.9 

76.5 

57.7 

70.2 

66.8 

69.7 

59.9 

74.6 

57.7 

74.9 

59.2 


69.5  I  78.7 

59.6  I  53.1 


65.0 

61.8 

69.9 

61.1 

74.1 

62.8  ' 

77.0 

67.0  j 

68.9 


74.5 

6-r3 


71.7 

56.6 

80.3 

58.5 

85.3 

57.8 

86.6 

62.0 

72.0 

64.7 

83.1 

62.0 


69.4 

6i.8 


61.5 

59.5 


57.4 

71.8 

56.7 

75.5 

57.0 

75.6 

67.4 

68.1 

66.1 

61.7 

67.8 

59.1 

62.4 

68.8 

67.0 

73.4 

56.1 

67.5 

68.1 

68.1 

58.9 

67.6 

58.1 

71.6 

57.8 

67.7 

67.8 

66.8 

61.0 

70.1 

58.9 

71.7 

60.0 

74.5 

55.8 

66.8 

58.8 

76.4 

69.5 

80.2 

60.0 

82.0 
63.8 

69.9 

66.5 

79.5 

62.9 


66.5 

87.0 

61.4 

60.9 

59.3 

58.2 

68.1 

57.5 

71.1 

59.6 

71.7 

67.6 

66.3 

69.0 

62.2 

60.0 

59.3 

55.1 

66.0 

57.3 

69.5 

68.3 

66.1 

60.8 

66.2 

61.2 

65.6 

60.1 

69.2 

60.3 

65.7 

60.7 

65.7 

62.5 

67.1 

61.2 

60.2 

61.8 

69.9 

59.1 

65.6 

61.6 

70.8 

61.0 

75.0 

62.5 

78.0 

66.4 

69.4 

(i8.4 

75.8 

M.4 


73.10  74.40  71.25  66.82  73.86i  70.19  67.73 
59.01  57.07  59.93  60.72  57.82  58.781  60.88 
14.09  17.33  11.33!    6.10  16.04  11.411  6.85 


71.6 

53.2 

63.0 

59.1 

61.5 

58.1 

75.5 

57.2 

75.9 

66.9 

78.2 

67-2 

72.2 

63.0 

64.9 

66.7 

61.9 

49.8 

75.5 

57.8 

77.6 

64.5 

70.5 

56.6 

72.2 

59.3 

69.7 

57  5 

77.2 

67.5 

70.9 

56.4 

70.6 

61.3 

72.0 

66.9 

72.5 

58.7 

79.2 

61.4 

71.9 

64.7 

81.1 

67.6 

85.0 

56  6 

84.0 

60.8 

72.4 

63.9 

85.8 

61.5 


78.9 

63.8 


89.7 

68.4 

72.0 


73.95 
57.42 
16.53 


68.38;  65.07 
60.361  62.67 
8.02  2.40 


cAverage  of  22  days  instead  of  26 


as  the  rest  of  the  averages. 
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TABLE  70. 


-MAXIMUM  AND  MINIMUM  TEMPKRATURE  OF  DIFFERENT  TYPF'S  OF  SOIL,  NOT  COVERED 
WITH  SAND.  JULY,  1915. 


Date— 
Ma:(imuin, 

Gravel. 

Sand. 

Loam. 

minimum. 

r 

4* 

6 

2* 

4' 

6' 

2" 

4* 

6' 

2* 

,  ^Max  ... 

*\Min.... 

94.3 

64.3 

86.8 

64.6 

79.9 

66.0 

95.8 

63.5 

90.0 

63.7 

83.0 

65  3 

88.3 

62.2 

79.8 

66.7 

75.8 

67.0 

88.4 

64  7 

«fMax... 
^\  Min.. .. 

83.0 

64.1 

79.6 

65.2 

75.9 

66.6 

87.8 

63.5 

83.5 

64.4 

79.9 

66.0 

80.8 

64.6 

76.0 

67.1 

73.0 

67.5 

81.5 

65.1 

..[Max.... 

■^IMin.... 

83.7 

61.4 

81 .6 

62.0 

78 

63 

8 

8 

84.9 

60  8 

83.4 

61.5 

80.9 

63.4 

80.6 

59  0 

78.0 

64.2 

72.9 

65.6 

80.6 

62.2 

.  (Max  ... 

^\Min.... 

68.5 

55.9 

67.8 

57.2 

66 

59 

8 

2 

71.0 

55.4 

70.5 

56.4 

69.3 

68.1 

66.0 

54.5 

67.0 

59.5 

64.7 

60  8 

69.4 

57.2 

«f  Max.... 
6\Min.... 

81.3 

54.7 

77.0 

55.0 

74 

56 

3 

8 

83.8 

54.0 

79.4 

54.0 

76.9 

55.7 

74.1 

52.4 

73.5 

57.0 

68.5 

58.6 

78.0 

55.2 

7  (Max.... 

66.2 

64.7 

66.4 

64.1 

66 

64 

5 

7 

66.2 

63.1 

66.3 

63.6 

66.7 

64.4 

63.0 

60.5 

66.2 

61.3 

64.8 

63.8 

66.5 

63.9 

^fMax.... 

\  Min  

77.2 

59  7 

74.6 

60.4 

72 

61 

1 

5 

81.6 

59  1 

80.0 

59.7 

77.2 

61.0 

74.5 

56.4 

73.4 

61.2 

68.3 

61 .3 

75.0 

60.6 

„|  Max  .  .. 

\  Min  

92.1 

67.4 

84.5 

58.0 

80 

59 

9 

8 

94.5 

57.0 

88.1 

57.1 

84.1 

59.3 

83.8 

54.6 

80.0 

60.4 

73.7 

61.6 

82.9 

57  9 

f  Max  ... 

»"\Min.... 

93  2 

64!l 

86.3 

64!g 

82 

66 

5 
4 

93.4 

63^8 

88.1 

64^3 

84.4 

66^0 

87.6 

623 

81 .6 

66*2 

75.9 

66^5 

84.8 

63.5 

f  Max  — 

^-^\Min.... 

92.3 

60.1 

87.8 

69.4 

84 

70 

4 

1 

91.5 

68.8 

88.4 

68.9 

85.8 

69.7 

88.3 

68.2 

84.1 

70.0 

78.5 

69.8 

85.4 

68.4 

( Max — 

"\Min.... 

96.5 

67.9 

90.6 

68.5 

86 

70 

8 

0 

94.2 

67.1 

90.5 

67.7 

87.6 

69.5 

91.6 

67.2 

86.6 

69.9 

80.4 

70.6 

88.3 

66.7 

1 .  f  Max. .  . 

"\Min.... 

90.1 

71.3 

85.6 

71.7 

81 

72 

6 

8 

88.9 

70.6 

85.5 

70.9 

82.2 

72.3 

85.3 

69.4 

81.6 

72.8 

77.9 

72.9 

84.4 

70.0 

f  Max  ... 

^•MMin.... 

77.5 

70.8 

77.1 

71  2 

76 

72 

2 

2 

77.7 

70.3 

77.6 

70.6 

77.0 

71.7 

75.6 

69.4 

76.8 

72.5 

73.9 

72.3 

77.6 

71.0 

,P  f  Max 

»'^lMin.... 

85.6 

70.2 

83.6 

69.6 

80 

70 

9 

0 

88.5 

69.7 

86.7 

60.2 

84.2 

69  5 

83.3 

67.5 

82.0 

70.5 

77.1 

70.2 

85.6 

70.1 

i  Max  — 

*'\Min.... 

93.9 

68.3 

88.5 

68.7 

85 

70 

9 

1 

95.1 

67.6 

91.2 

68.1 

88.4 

69.6 

88.6 

66.6 

86.0 

70  6 

80.1 

71.2 

88.8 

69.0 

,n  f  Max  

l^\Min.... 

78.6 

65.4 

76.9 

67.0 

75 

69 

9 

1 

79.6 

64.7 

78.3 

66.0 

77.5 

68  0 

76.5 

65  1 

76.4 

69  6 

73.6 

70.5 

80.2 

66.8 

2«;mSJ..:: 

78.3 

63.2 

77.3 

64.4 

75 

66 

4 
1 

80.3 

62.4 

79.3 

63.5 

77.5 

65.4 

77.3 

62.2 

76.1 

,66.7 

71.9 

67.6 

79.6 

64.9 

1  Mm  . 

'MMin... 

75.6 

59  5 

76.4 

60. S 

74 

63 

0 

0 

76.3 

58  2 

76.9 

59.2 

75.7 

61.8 

75.3 

58  4 

74.3 

63.5 

71.0 

65.2 

76.6 

61.0 

84.5 

57.4 

82.1 

58.5 

78 

61 

8 

1 

86.8 

55.8 

84.4 

56.8 

81.5 

59.1 

82.6 

55.8 

79.8 

61.3 

73.8 

63.2 

83.7 

58.3 

23  (m":;: 

92.6 

60.8 

88.2 

62.0 

82 

64 

9 

93.5 

59.4 

88.0 

60.5 

85.3 

62.8 

86.2 

60.0 

82.5 

64.4 

76.5 

66.0 

85.5 

61  7 

„.  f  Max  — 

2'*\Min.... 

83.8 

65  0 

80.1 

65.9 

76 

67 

4 

5 

84.1 

61.0 

81 .2 

64.9 

77.8 

66  8 

79.6 

63.6 

78.0 

67.3 

73.2 

68.3 

79.4 

64.4 

f  Max 

2«(m":.:: 

82.1 

64  5 

80.7 

65.4 

78 

66 

1 

6 

83.9 

63.9 

83.0 

64.8 

80.6 

66  2 

80.7 

63.8 

78.5 

67.0 

73.6 

67.3 

81 .5 

65^8 

97  '  Max  

^'  \  Min. . .. 

72.4 

63  6 

71.2 

64.7 

70 

66 

0 

2 

72.7 

62.7 

71.6 

63  7 

70.5 

65.6 

70.6 

63  0 

70.1 

66  6 

68.6 

67.2 

71.5 

64.5 

/  Max... . 

Min  ... 

74.9 

06. 6 

73.8 

66.4 

72 

66 

3 

8 

75.1 

66  3 

74.5 

66.2 

73.4 

66.7 

73.1 

65  4 

72.5 

67.0 

69.6 

66.4 

73.9 

66  8 

90  i  Max... 

78.2 

Q5.6 

76.2 

65.6 

73 

66 

8 

0 

78.2 

65.1 

76.9 

65.0 

74.9 

65.8 

76.7 

64.3 

74.1 

66.3 

70.2 

66  1 

77.1 

65.9 

f  Max — 

"^^^Min... 

87.1 

70.0 

82.1 

69.6 

78 

69 

7 

8 

88.5 

60.8 

84.2 

69.6 

80.8 

70.0 

81.7 

a«<.8 

79.0 

69.9 

74.9 

68.0 

84.4 

69.9 

Q,  f  Max  

;  Min.  . . . 

85.5 

69.4 

83.5 

09  8 

80 

70 

5 

6 

85.4 

60.0 

84.1 

69.6 

82.0 

70  5 

83.1 

68.6 

80.6 

70.8 

75.8 

70.4 

84.0 

70.2 

[Max.. 
Ave  J  Min 
i  Range 

83.29 
63.88 
19.41 

80.19 
64.84 
15.35 

77.41 
66.18 
11.23 

84.41 
63.54 
20.87 

81.91 
64.07 
16.84 

79.45 
85.56 
13.89 

79.80 
62.73 
17.07 

77.50 
66.42 
11.08 

73.27 
66.91 
6.36 

80.54 
65.03 
15.51 

Clay. 


79".  5 

65.5 

76.5 

65.6 

77.0 

63.3 

67.6 

58.2 

73.1 

56.4 

65.3 

63.1 

71.0 

60.2 

76.6 

58.5 

79.7 

64.8 


82.3  i 

69.9 

85.0 

,70.3 

78.1  I 

68  .8  I 

77.2 

66.8 

74.4  ! 

63.2 

8C.1 

60.8 

81.3  I 

63.8 

75.2  ; 

66  1  ' 

7  8. '6 

66  8 

69.9  I 

66  I  ' 

72.3 


74.1 

66.0 

80.4 

69.7 

80.8 

70.9 


76.7 

67  2 

74.8 

67.7 

74.5 

66  1 

66.5 

61.0 

70.8 

59.1 

66.0 

65.0 

09.1 

62.3 

73.9 

61.8 

76.0 

66.3 

78.5 

69.6 

80.4 

70.0 

77.6 

72.2 

74.7 

72.3 

78.9 

70.6 

81.2 

71.8 

75.8 

70.6 

74.2 

68.7 

72.1 

65.7 

75.8 

63.3 

77.6 

66.3 

73.6 

68.0 

75.4 

68.0 

60.4 

67.7 

70.6 

67.1 

71.6 

66.8 

77.4 

69  8 

77.6 
71.5 


76.36, 
r64.88! 
11.50 


74.47 
67.28 
7.19 


88.2 

64.8 

81.7 

64.7 

78.9 

62.3 

68.6 

57.2 

74.0 

53.0 

66.1 

62.4 

73.6 

60.1 

81.4 

55.4 

84.5 

63.0 

87.2 

o8.7 

90.7 

66.8 

86.3 

70.6 

79.3 

71.8 

88.5 

70.2 

88.8 

69.5 

79.2 

67.3 

76.3 
64.4 

78.5 

58.8 

82.9 

56.5 

85.7 

59.8 

80.1 

63.6 

82.2 

65.8 

71.8 

63.8 

74.9 

67.0 

78.3 

65.  S 

84.5 

70.6 

85.8 

70.6 


80.52 
64.24 
18.28 


cAverage  of  23  days  only  instead  of  27  as  the  rest  of  the  figures. 
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TABLE  71.-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  GOVERED 

WITH  SAND.  AUGUST.  1915. 


1 


Date— 
Maumum, 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat 

minimum. 

r 

4* 

6' 

r 

4' 

8' 

2* 

4' 

2' 

4« 

6- 

JL 

6' 

o.'Max... 
^\Min. . . . 

77.0 

60  8 

74.6 

70.7 

74.7 

72.1 

76.8 

'68.9 

74.1 

69.8 

74.7 

71.6 

74.6 

69.3 

74.8 

72.1 

n.4 

72.3 

75.0 

70  5 

74.5 

72  1 

74.2 

73  3 

76.4 

70  8 

75.7 

73.8 

76.1 

74.6 

ft  f  Mm  .... 
■*\Min.... 

75.9 

66.9 

75.3 

67.8 

73.9 

68.8 

75.9 

66  3 

75.6 

67.0 

74.8 

68.3 

75.4 

67.0 

74.4 

69  0 

71.2 

68.9 

76.3 

67.9 

74.6 

68  8 

72.8 

69.7 

77.3 

68.8 

74.0 

70.6 

72.5 
71.4 

.[Max.... 

*lMin... 

73.3 
Ml 

71.0 

65.1 

69.6 

66.3 

74.1 

63.6 

72.0 
64.4 

70.2 

66.0 

71.3 

64.1 

70.0 

66  6 

88.7 

67.1 

72.4 

65.0 

70.0 

66.3 

60.8 

67.7 

71.7 

65.7 

70.5 

68.4 

70.8 

69.5 

.  fMax  ... 

*\  Min. . . . 

63.5 

60.5 

63.6 

61.4 

84.1 

62.8 

83.2 

59.6 

63.4 

60.5 

64.0 

62.1 

82.8 

60  0 

64.3 

63.0 

64.1 

63  9 

63.8 

61.4 

84.2 

62.9 

64.8 

64.6 

63.9 

61.2 

64.0 

64.6 

67.8 

66  5 

./Max.... 

^i.Min... 

72.8 

60.1 

60.3 

60  5 

88.5 

61.5 

73.5 

59.6 

70.5 

59.9 

68.4 

60.8 

60.8 

59.5 

88.5 

61.5 

86.0 

61.8 

70.9 

60  6 

68.8 

61.3 

87.3 

62.3 

70.3 

60.3 

67.9 

62.5 

66.4 

01.7 

-/Max.... 

73.5 

58.8 

71.7 

59.6 

70.4 

61.0 

74.4 

58.0 

73.4 

.58-7 

72.2 

60.3 

71.1 

58.1 

70.2 

60.9 

87.0 

61.6 

72.0 

59.2 

70.5 

60.6 

68.5 

62.0 

72.8 

58.9 

69.1 

62.0 

66.3 

62.0 

g/Max.... 

87.0 

62  3 

82.8 

63.2 

79.8 

65.0 

89.8 

61.5 

85.3 

62.3 

82.7 

04.2 

80.3 

61.3 

77.8 

64.1 

72.6 

65.0 

83.2 

62.9 

79.9 

64.5 

76.0 

66.2 

84.3 

62  0 

77.5 

65.6 

71.5 

68.1 

90.8 

63.1 

85.3 

64. G 

82.1 

66.7 

92.6 

62.0 

87.1 

63.3 

84.8 

65.7 

83.9 

61.8 

80.3 

65.4 

74.9 

66.4 

86.4 

63.7 

81.9 

65  7 

77.9 

67.6 

86.8 

62.5 

78.0 

66.8 

73.5 

68.8 

1 1  f  Max. . . . 

"\Min ... 

71.1 

66.0 

70.3 

67.2 

70.4 

69.1 

70.9 

65.0 

70.3 

66.1 

70.4 

68.2 

68.9 

64.6 

60.6 

67.8 

68.6 

68  0 

70.0 

66  0 

89.7 

67.9 

89.7 

60  2 

70.0 

65.0 

69.6 

68.8 

71.5 

69.8 

60.3 

64.1 

68.1 

64.8 

67.0 

66.0 

89.5 

63.5 

88.3 

64.1 

88.0 

65.3 

87.9 

63.7 

68.0 

65.8 

68.8 

65.9 

68.9 

64.7 

88.0 

65.7 

67.8 

66.7 

68.5 

64.6 

68.0 

66.4 

88.5 

67.4 

"(m!?.;:: 

80.5 

"62.9 

78.4 

63.2 

74.0 

64.0 

83.3 

62.4 

79.3 

62.7 

75.8 

63.7 

78.7 

62.3 

73.4 
64.1 

70.3 

64  2 

77.8 

63.4 

73.5 

63  9 

71.7 

64.9 

77.8 

63. 0 

72.8 

64.6 

68.6 

66.6 

l^fMax.... 

"  \  Min  

78.0 

62.0 

74.1 

62.7 

71.3 

64.3 

78.9 

61.0 

76.8 

61.6 

72.6 

63.4 

74.9 

61  2 

71.3 
64.1 

60.3 

64.7 

75.8 

62  3 

71.4 

63.7 

70.5 

65.4 

75.4 

61.6 

71.1 

65.0 

80.0 

•  66  5 

^6{m!?.-.:: 

83.2 

64.8 

80.6 

65  5 

78.3 

66  S 

85.1 

64  2 

83.1 

6-1.8 

80.9 

66  3 

79.0 

63  9 

77.0 

66.3 

72.7 

66.7 

80.3 

65.1 

77.6 

66.1 

74.5 

67.4 

81.1 

64.7 

75.8 

67.2 

70.6 

67  8 

17  [Max.  ... 

^MMin.... 

72.3 

62.8 

71.5 

64.7 

70.9 

66  ft 

74.9 

62  0 

74.2 

63.6 

73.6 

66.1 

70.6 

62.9 

71.0 

66.6 

68.8 

66  5 

71.3 

Ml 

70.9 

66.3 

69.9 

67.5 

71.3 

64  2 

70.0 

67.3 

88.9 

68  0 

iQ  f  Max. . . . 

I  Min .... 

82.1 

52  9 

78.3 

54.8 

75.5 

58.0 

85.1 

51.2 

81.1 

52.8 

78.7 

56.0 

77.0 

52.5 

74.5 

57  8 

80.8 

60.6 

77.0 

53.8 

74.1 

57  1 

70.8 

60.6 

77.7 

51.5 

71.6 

59.4 

67.1 
64  1 

iflfMax  ... 

86.7 

56.9 

82.1 

58.4 

78.8 

61 .2 

89.0 

54.  G 

84.6 

•  56.6 

81.6 

69.8 

81.6 

55.4 

77.9 

60.5 

72.0 

62.5 

81.5 

.57.0 

78.0 

59.8 

73.6 

62.6 

82.5 

65.1 

75.0 

61.5 

67.8 

65.5 

r  Mm 

^oiMta.:;: 

78.3 

59  3 

74.5 
61  4 

72.8 

63.7 

79.1 

57.8 

75.9 

59.6 

74.0 

62.4 

75.0 

58.5 

71.9 

62.6 

60.0 

64.3 

74.8 

59.5 

71.8 

62.4 

70.2 

64.6 

74.8 

58.0 

70.7 

63.5 

67  8 

65!6 

91  j'Max... 

^MMin.... 

6flL2 

63.8 

65.9 

64.2 

65.7 

65.4 

66.1 

63.2 

65.9 

63.8 

85.8 

,65,0 

65.4 

63.2 

65.6 

64.8 

64.8 

64.5 

66.3 

64.0 

65.8 

64.6 

65.7 

65.5 

66.0 

64.0 

65.6 

65.1 

66.9 

66.0 

00  f  Max — 
23  \  Min.... 

84.1 

59.2 

79.6 

60.5 

76.9 

62.1 

87.3 

58.3 

82.8 

59.5 

80.4 

61.5 

78.9 

58.7 

75.9 

62.0 

71.0 

63.0 

78.9 

59.9 

76.0 

61.6 

72.6 

63.5 

80.1 

58.7 

73.9 

62.6 

88.4 

65  6 

24/Max.... 

77.5 

65  5 

74.3 

66.2 

73.0 

67.3 

78.6 

65.2 

75.9 

66.1 

74.3 

67.4 

74.3 

65.4 

72.0 

67.0 

69.8 

66.7 

74.6 

66.0 

71.8 

66.8 

70.9 

67.5 

73.8 

66.1 

71.3 

67.4 

88.2 

67  5 

25{!5S:::: 

71.8 

60.7 

71.0 

62.2 

69.8 

63.9 

72.8 

59.8 

72.3 

61.3 

71.1 

63.1 

70.1 

60.4 

68.9 

63.2 

86.1 

63.6 

70.0 

61.3 

68.7 

63.0 

67.1 
64.4 

70.8 

60.9 

67.5 

63.6 

66.7 

65.0 

9fl  /  ^"f*  

77.4 

56.6 

72.9 

58.0 

71.5 

60.6 

79.1 

54.4 

75.4 

56.6 

73.5 

59  5 

74.0 

55.1 

70.8 

59.8 

67.5 

61.3 

74.0 

56.4 

70.6 

50.4 

68.7 

61.8 

74.4 

56.0 

69.8 

60.9 

06.4 

63.8 

iyj !  Max — 

78.3 

50.8 

74.4 

53.9 

71.8 

57.4 

78.9 

48.7 

75.4 

51.5 

73.5 

55.5 

73.4 

50.4 

70.8 

56.3 

86.8 

59.0 

73.9 

51  4 

70.9 

55.5 

67.9 

59  0 

74.9 

49.8 

69.2 

57.6 

64.8 

61.8 

no  f  Max. . . . 

^IMin.... 

81.1 

53.0 

76.9 

55.3 

74.0 

58.2 

81.5 

51.1 

78.1 

53.2 

75.8 

56.6 

75.9 

51.7 

73.1 

56.9 

68.1 

59  1 

76.3 

53.0 

73.3 

.56.2 

60.6 

59.3 

78.0 
51.1 

70.6 

57.8 

65.9 

62.1 

71.2 
54.5 

69.5 

56.8 

67.7 

59.1 

71.4 

54.0 

70.2 

56.0 

68.8 

58.4 

68.5 

53.8 

67.1 

58.0 

84.0 

59.8 

68.9 

54.9 

67.1 

57.6 

65.1 

60.0 

70.3 

54.8 

68.0 

59.5 

63.4 

61  5 

„  (Max.... 

76.5 

50  5 

71.7 

52.9 

69.4 

55  7 

78.5 

48.8 

72.7 

51  0 

70.9 

53  4 

71.4 

49  7 

88.7 

54.6 

64.7 

57.1 

72.2 

.50  6 

68.8 

53.9 

68.1 

57  0 

72.5 

49.  G 

66.9 

.55.7 

63.1 

60.4 

[Max.. 
IRaniia 

76.90 
60.42 
16.48 

74.07 
61.76 
12.31 

72.42 
63.81 
8.81 

78.01 
59.41 
18.60 

75.48 
60.65 
14.83 

73.94 
62.75 
11.19 

73.57 
69.79 
13.78 

71.84 
63.12 
8.72 

68775 
64.03 
4.72 

74.32 
60.95 
13.37 

72.00 
62.84 
9.16 

70.14 
64.63 
5.51 

74.74 
60.34 
14.40 

70.92 
64.17 
6.75 

68.45 
66.18 
2.27 
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TABLE  72.— MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED 

WITH  SAND.  SEPTEMBER,  1915. 


Date- 
Maximum, 
minimum. 

Gravel. 

Sand. 

Loam. 

Clay. 

Peat. 

r 

4' 

6* 

2' 

4' 

6' 

2' 

4' 

8' 

r 

4' 

8* 

r 

4' 

6' 

./Max.... 
MMin.... 

80.0 

63.6 

75.4 

55.7 

72.5 
58.1 

79.9 

62.6 

76.7 
54.4 

74.3 

67.3 

75.5 

62.8 

71.9 

67.1 

67.0 

68.7 

75.7 
63.6 

72.2 
66.6 

88.7 

59.0 

76.6 

52.5 

60.8 

58.0 

65.0 

61  5 

o/Max.... 

83.3 

55.6 

78.9 

67.9 

75.5 

60.3 

82.8 

54.8 

79.8 

56.8 

77.2 

69.6 

78.8 

64.0 

75.0 

69.1 

69.5 

60.8 

78.9 

66.8 

75.3 

68.5 

71.3 
61.1 

80.4 

64.7 

73.0 

60.0 

68.9 

63.2 

«/Max.... 
\  Min. . . . 

78.7 

60.6 

76.3 

62.0 

74.4 

63.6 

78.2 

69.7 

76.8 

61.2 

75.4 

63.2 

75.5 

69.6 

n.5 

62.6 

69.3 

63.4 

75.5 

60.3 

n.6 

62.1 

70.9 

63.8 

76.4 

59.6 

71.8 

63.3 

67.9 

05.2 

./Max.... 

73.7 

63.6 

72.8 
64.1 

71.4 

65.1 

74.0 

63.0 

73.3 
63.7 

72.2 

66.0 

73.5 
63.0 

71.2 

64.3 

68.0 

64.4 

71.5 

63.0 

70.1 

63.9 

68.5 

65.0 

73.7 

62.0 

60.8 

64.8 

67.3 

66.0 

fi/Max.... 

^iMin.... 

65.3 

63.0 

65.0 

63.1 

84.7 

63.5 

65.4 

62.6 

65.2 
62.0 

65.1 

63.3 

65.4 

63.1 

64.9 

63.6 

63.8 

63.1 

65.4 

63.3 

64.0 

63.6 

64.7 

63.0 

65.4 

63.2 

64.7 

63.5 

6S.G 
64.7 

-  f-Max.... 

^\Min..  . 

74.5 

62.1 

72.0 

62.3 

70.3 

62.7 

75.2 

61.8 

72.9 

62.1 

71.5 

62.7 

73.4 

62.3 

70.5 

62.9 

86.9 

62.3 

72.6 

62.5 

70.4 

62.7 

88.0 

63.2 

73.9 

62.6 

68.9 

63.1 

66.0 

64.1 

,rMax  .r. 

^IxMin.... 

81.1 

64.2 

76.7 

64.7 

74.7 

65.3 

81.9 

63,9 

78.5 

(M.3 

77.0 

65.4 

78.7 

64.6 

74.9 

65.4 

70.8 

64.8 

78.3 

64.7 

74.5 

65.3 

72.0 

65.7 

78.7 

65.1 

n.o 

65.9 

68.6 

66.6 

n  f  Max 

^\Min.... 

73.6 

64.7 

72.2 

65.3 

70.8 

66.5 

76.2 

64.0 

74.8 

64.7 

73.1 

66.3 

73.1 

65.1 

71.1 

66.7 

68.5 

66.7 

72.3 

65.2 

70.7 

66.3 

60.3 

67.3 

73.9 

65.6 

70.4 

67.7 

68.5 

^.8 

.^f  Max.... 

'^iMin.... 

78.2 

57.2 

75.4 

59.1 

71.3 

61.4 

81.0 

55.9 

78.8 

57.6 

74.6 

60.2 

78.0 

58.1 

72.1 

61.5 

67.5 

62.7 

75.5 

58.4 

70.9 

61.0 

67.8 

63.1 

76.0 

67.8 

68.3 

62.6 

67.9 

66.0 

(Max.... 

''\Min.... 

75.4 

^.5 

73.4 

63.7 

71.1 

64.2 

75.8 

63.3 

74.0 

63.5 

72.4 

64.1 

74.8 

63.8 

71.7 

64.3 

68.1 

64.0 

73.9 

63.8 

71.3 

64.1 

69.2 

64.6 

75.9 

63.8 

70.5 

64.5 

67.4 

65  8 

,»  f  Max  

'•^\Min... 

83.3 

66.0 

79.6 

66.4 

77.5 

67.2 

88.9 

65.5 

84.2 

66.0 

81.8 

66.9 

81.3 

66.3 

78.4 

67.4 

73.7 

66.9 

80.6 

66.4 

78.1 

67.1 

75.2 

67.8 

80.6 

66.8 

76.7 

68.2 

71.8 

69.0 

1 .  /  Max  — 

*MMin.... 

89.1 

68.2 

83.8 

6S.7 

81.3 

69.3 

92.1 

68.1 

87.8 

68.7 

84.5 

69.8 

86.8 

69  0 

82.2 

69.9 

77.1 

69.3 

85.3 

68.9 

81.2 

69.6 

78.1 

70.0 

83.0 

69.2 

78.2 

70.1 

74.0 

70.9 

fMax  .  .. 

^''VMin... 

83.9 

70.1 

79.8 

70.9 

77.2 

71.7 

84.8 

69.9 

81.6 

70.6 

78.5 

71.8 

82.0 

70.8 

77.7 

72.0 

74.8 

71.6 

80.1 

70.7 

76.5 

71.5 

75.4 

72.3 

80.2 

70.6 

76.1 

71.8 

74.0 

72  5 

la  f  Max  

^^Min.... 

83.0 

67  5 

79.2 

68.2 

75.7 

69.3 

85.6 

66.9 

82.1 

67.5 

78.2 

68.8 

80.1 

68.1 

75.7 

69.3 

73.4 

69.5 

81.3 

68.0 

78.4 

68.9 

74,7 

69.8 

80.5 

68.0 

75.4 

69.7 

73.4 

71  2 

,7  (  Max  . . . 

*^\Min.... 

78.0 

64  5 

75.2 

65.6 

74.3 

67.3 

78.9 

63.5 

76.7 

64.6 

76.0 

66.3 

77.1 

65.2 

74.5 

67.4 

71.7 

68  2 

78.1 

65  5 

74.7 

67.2 

73.3 

68.9 

77.8 

65.6 

74.7 

08:9 

72.5 

70  6 

I  Max  — 

-"l  Min.  .  .. 

75.4 

59.9 

72.5 

61.5 

69.9 

63.4 

77.0 

59.0 

74.7 

60.7 

71.7 

62.8 

74.2 

61  2 

70.2 

63.7 

67.9 

64.6 

73.0 

61.2 

69.8 

63.1 

68.5 

M.8 

72.7 

60.7 

68.6 

64  9 

68.5 

67  3 

1  Max  

Min... 

61.4 

49.7 

60.3 

52.7 

61.0 

56  3 

62.1 

49.0 

61.5 

51.3 

62.0 

54.7 

60.9 

51  4 

61.2 

56  5 

60.5 

59.0 

60.5 

51.6 

60.9 

55.8 

61.1 

59.4 

61.3 

52.3 

61.5 

.58.9 

63.8 

61  8 

nn  f  Max,  .  . 

^\Min... 

71.5 

44.5 

66.2 

47.6 

65.3 

48  0 

74.3 

42.0 

JB9.2 

45.3 

67.7 

48.7 

68.5 

45.6 

65.9 

50.5 

62.5 

53.6 

67.5 

45.4 

65.0 

50.0 

62.8 

53.7 

67 16 

45.7 

63.4 

62.1 

60.8 

57  6 

»(m".;;: 

70.2 

48.2 

65.7 

50.1 

63.5 

52.8 

72.9 

46.4 

68.8 

48.6 

65.3 

51.6 

68.2 

49.0 

63.6 

52.8 

61.3 

54.9 

67.0 

49.1 

63.0 

52.0 

61.7 

54.8 

64.4 

48.5 

60.8 

63.5 

58.6 

57.5 

78.9 

57.9 

72.9 

58.5 

71.0 

59.4 

81.0 

57.5 

76.4 

58.3 

73.7 

59  4 

76.2 

58.0 

71.5 

59.0 

67.2 

59.0 

74.3 

58.1 

70.1 

58.7 

67.5 

59.5 

74.7 

57.1 

68.7 

58.3 

64.0 

59.8 

rt-  /  Max  — 

-^'M  Min.... 

78.8 

59.2 

73.5 

GO  0 

70.7 

61.1 

80.5 

58.8 

76.3 

59.5 

72.8 

60  8 

76.5 

59.5 

71.1 

61.0 

67.8 

61.1 

74.5 

59.2 

70.0 

60.1 

68.0 

61.2 

74.5 

58.7 

68.6 

60.5 

65.1 

62  3 

„^  f  Max  

2'\Min.... 

58.1 

46.3 

55.5 

48.5 

56.5 

51.6 

58.3 

45.5 

55.7 

46.3 

56.3 

49.6 

56.5 

48.5 

56.6 

51.5 

56.4 

54.2 

56.4 

48.3 

S6.0 

50.9 

56.8 

64.3 

55.5 

46.3 

56.5 

63.3 

58.8 

56.9 

„o  '  Max  — 

-'^IMin.... 

64.2 

42.1 

60.4 

45.1 

59.8 

48.0 

67.4 

40.5 

63.1 

42.8 

62.5 

45.3 

61.3 

43.3 

59.9 

47.5 

57.4 

50.6 

59.8 

43.8 

58.4 

47.5 

57.4 

47.6 

61.0 

42.5 

58.1 

48.6 

58.4 

53.8 

^1  f  Max  — 

87.5 

40.5 

62.9 

43.8 

61.5 

47.1 

70.1 

38.6 

65.1 

41.5 

63.9 

45.4 

64.4 

41.9 

62.0 

47.4 

58.3 

49.8 

61.7 

42.2 

60.6 

46.9 

57.7 

49.6 

62.5 

41.7 

58.6 

48.4 

56.5 

52.4 

f  Max  — 

^"\Min.... 

66.9 

43.3 

61.8 

45.7 

60.8 

48.6 

68.6 

41.5 

64.1 

43.8 

62.6 

45.0 

64.1 

45  4 

61.0 

48  5 

58.0 

50.8 

61.6 

43.9 

58.9 

47.5 

57.4 

60.2 

61.5 

42.5 

58.0 
48.6 

55.3 

62.5 

<  Max 
Ave.{  Min. . 
[  Range 

74.95 
57.44 
17.51 

71.50 
58.85 
12.65 

69.71 
60.48 
9.23 

76.52 
56.57 
19.85 

73.53 
57.88 
15.65 

71.62 
59.78 
11.84 

73.00 
58.02 
14.98 

69.93 
60.48 
9.45 

66.70 
61.36 
5.34 

71.97 
58.12 
13.85 

60.30 
60.01 
9.29 

67.45 
61.61 
5.84 

72.35 
57.76 
14.59 

68.12 
61.17 
6.95 

65.84 
63.52 
2.32 
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TABLE  73.- 


-MAXIMUM  AND  MINIMUM  TEMPERATUKE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED 
WITH  SAND,  OCTOBER.  1915. 


Date— 
Maximum, 
minimum. 


Qnvel. 


Sand. 


Ctaiy. 


Pett. 


2"    I  4' 


'\Min. 


^\Min.. 

.  fMax.. 

•  *lMin.. 

^\Min.. 
./Max.. 

m  f  Max . . 

^\Min.. 

sfMax.. 

"\Min.. 

g/Max  . 
1,  (Max.. 

1,/Max  . 

fMax  . 

"\Min.. 

l./Max.. 
i»  f  Max. 

i.  f  Max.. 

^^^iMin.. 

jQfMax  . 


[Max 

I  Min. 

Max 

[  Min . 

f  M;ix. 

\Min. 

f  Max 

I  Min. 

.  /  Max 

'\Min. 

f  Max 

\Min. 

/Max. 

\  Min. 

Max 


20 


22 


23 


26 


27 


30 


Min. 


Min. 


54.4 

50.6 


65.6 

50.9 


64.0 

58.4 


56.6 

49.3 


57.1 

48.0 


52.9 

45.4 


!  46.2 
I  42.4 


48.4 

39.3 


64.2  I 
45.4  I 


62.7 

48.0 


58.6 

52.5 


58.3 

52  9 


:  64.9 

I  51  0 


1  63.7 

I  45  5 


61.3 

56.3 


61.8 

49.8 


65.6 

49.8 


54.4 

51.8 

62.6 

51.8 

63.0 

58.5 

56.0 

51.5 

56.0 

49.3 

53.0 

47.5 

46.9 

44.3 

48.6 

40.8 

50.4 

45.0 

'  60.2 
48.1 

I  57.9 

52.0 

I 

57.5 

52.8 

60.9 

51  0 

60.0 

46  2 

I  60.2 

'  56  5 

60.0 

50  5 

61.8 

r,o.o 


55.0 

53.2 


54.4 

50.0 


61.9  ,  66.7 

52.9  I  50.1 


61.9  i 

58.8  ' 


56.4 

53.7 


56.4  I 

61.0 


52.7  I 

49  .2  ! 


47.4  I 
46.1 


48.5 

42.8  ' 


57.8  I 
45.7 


58.8 

49.3 


56.9 

52.2 


57.4 

53.1  , 


59.8  ; 

52  5 


58.7  I 

47.8  I 


50.0 

55.6  I 


58.0  , 
51.8 


60.0  I 

51.1 


64.5 

58.1 


56.9 

48.5 


57.4 

46.5 


53.3 

45.0 


46.0 

41.4 


50.2 

38.1 


66.2  i 

45.0 


54.5 

51.2 


63.2 
51.1 


63.8 

58.5 


56.3 

50.1 


56.3 

48.0 


53.4 

46.5 


46.3 

43.0 


48.3 

39.5 


62.3 

44.8 


63.5  I  61.6 
47.3  I  48.4 


50.0 

52  3 


50.8 

52.5 


65.8 

50  6 


64.9 

43.9 


61.8 

56.1 


62.3 

48.5 


66.7 

48.6 


58.5 

52.0 


58.4 

52.5 


62.5 

51.1 


61.5 
44  6 


61.4 

5&.8 


61.2 

49.6 


63.5 

49.0 


,  63.2    58.7    57.9    64.5  |  60.8 

I  44  4  :  45.9    48.5  ,  42  .3  1  43  7 


62.2  57.6 

42.1    43  5 


I  58.8  ' 

42  .3  , 

!  62.0  I 
I  45.0  I 

{  58.6 
42.5 

58.7 

43.6 

I  61.0 

[  45.0 

i  57.8 
44.8 

50.6 

;  40.7 


[Max.  50.58 
Ave.  4  Min.  47.15 
tRanqe,  12.43 


54.8 

44  7 

57.4 

45  6 

55.0 
44.0 

54.3 

44.5 

56.2 

45.0 

53.8 

45.6 

55.1 

42.3 


56.98 
48.05 
8.93 


56.8  I  63.4  ,  59.5 

44.9  40  3  41.3 


54.4  I 
47.1 

55.8 

47.0 

53.0  , 
45.8  I 

53.5 

45.5  , 

55.2 

45.9 

53.7  I 

40.8  I 
54.1 

44.5  , 


50.6  , 

40.6  I 

63.2  ' 
44.0 

59.7 
41.1 

50.4 

42.5 

61.9 

44.0 

58.4 

43.8 

60.8 

39.4 


56.19  60.40 
49.341  46.17 
6.8£  14.23 


56.0 

42.7 

58.6 

41.8 

56.8 

42.5 

56.1 

43.4 

57.8 
44.4 

55.1 

45.4 

56.9 

40.7 


55.0 

52.9 


63.2 

52.6 


62.8 

59.0 


56.7 

52.8 


58.9 

48.4 


53.1 

48.6 


47.0 

45.1 


48.5 

41.7 


60.0 
46.1 


60.7 

48.8 


57.8 

52.3 


58.1 

52.9 


61.1 

52.0 


60.5 

46.4 


60.0 

56.3 


50.0 

50.7 


61.6 

50.2 


59.1 

47.5 


57.0 

43  H 


57.3 

46.2 

53.7 
44.8 

54.6 

44.8 

56.8 

44.9 

54.5 

46.2 

55.5 

43.4 


54.4 

50.8 


62.6 

51.0 


63.5 

58.3 


56.4 

60.3 


55.6 

48.5 


52.3 

46.3 


45.8 

42.0 


48.4 

39.5 


61.2 

43  9 


54.6 

52.8  , 


61.8  I 

52.5  I 


61.6 

58.6  I 


55.6 

53.2 


56.8 

60.6 


51.9 

48.6 


48.9 

45.6 


47.9 

42.3 


57.4 
44.8 


60.1  !  58.4 

47.0  I  48.3 


58.0 

51.7  ' 


66.6 

51.6 


58.1  ,  57.3 

52.5  I  52.7 


62.0 

51.0 


60.7 

45.3 


56.7 


60.9 

49.7 


63.0 

49.2  I 


50.6 

52.1 

58.6 

47.5 

58.7 

55.5 

58.0 

51.5 

50.9 

50.8 


59.9  .  57.7 

44.8  47.9 

59.0  '  56.4 

41.7  ,  45.4 


55.3  55.8  t  54.0 
45.5    42  8  I  46.5 


58.18 
47.14 
11.04 


57.15 
48.57 
8.58 


59.0  55.4 

44.2  ,  40.1 

56.2  1  52.5 

42.2  ,  45.0 

55.4  \  53.0 

43.2  I  44  .9 

57.4  54.9 

43.9  I  45  2 

53.2 

46. 0 


54.7 

44.5  ' 

56.7  I 
40.4  I 


53.8 

43.8 


57.57  55.82 
47.01,  48.83 
10.56'  6 


54.0 

53.2 


58.6 

52  8 


69.9 

57.8 


55.0 

63.0 


54.4 

51.6 


51.2 
49.5 


47.1 

45.6 


48.3 

44.0 


53.4 

45.2 


55.0 
49.0 


54.3 

61.1 


55.3 

52.4 


57.0 

52.3 


55.4 

49  3 


56.3 

54.0 


56.2 

52.5 


57.2  I 
51.6 


54.3 

60.6 


62.4  , 
61.2 


63.0 

68.3 


54.5 

60.6 


54  .-5 

48.6 


51.6 

47.6 


48.0 

43.3 


47.5 

39.9 


60.7 

43.8 


58.5 

47.0 


58.0 
61.8 


58.2 

52.7 


61.0 

51.3 


45  4 


60.8 

56.8 


60.5 

49.9 


62.2 
49.6 


55.4  ,  50.0 

50.3  45.3 

53.9  I  57.5 

47  2  !  42  0 


52.4 

48.1 


51.1 

47.5 

51.0 

46.5  I 

52.1 

45.0 

51.3 

47.0 

51.4 

46  .4  ! 


54.9 

42.3 

54.0 

43.3 

56.3 

43.9 

53.7 
44.6 

55.3 

40.7 


54.3 

52.0 


61.0 

62.2 


61.5 

68.3 


54.7 

62.9 


54.4 

60.3 


51.1 

48.1 


47.0 

46.7 


47.0 

41.9 


58.4 

44.4 


57.6 

47.9 


56.5 

51.2 


57.1 

52.7 


58.2 

52.0 


57.3 
47  1 


57.2 

55.3 


57.9 

51.4 


50.6 

50.0 


56.8 

48.4 


55.2 

45.9 


54.4  52.8 

43.0    45  8 


53.0  '  57.7  54.4 

46.8  ,  44.2    45  3 


53.86 
49.57 

3.291 


51.5 
44.7 

51.8  ' 

44  .4  I 

53.9  I 

45.0 

52.1  I 
45.6  I 

52.8  I 
43.1 


54.4 

53.2 


59.4 

53.1 


60.8 

58.3 


55.2 
64.4 


54.4 

62.0 


51.2 

40.6 


47.6 

46.9 


47.1 

44.2 


53.9 

46.0 


55.3 

49.0 


55.1 

51.6 


56.4 

53.0 


57.4 

52.9 


55.4 

49.1 


57.1 

54.7 


57.0 


58.2 

52.0 

56.9 

50.5 

54.0 

47.9 

52.4 

48.0 

53.0 

46.6. 

51.2 

46.9 

51.0 

45.1 

52.3 

45.6 

51.4 

46.9 

51.5 

46.3 


56.71  65.00!  54.17 
47.21,  48.551  49.79 
9.50    6.45i  4.38 


54.2 

50.4 

64.7 

61.2 

63.7 

68.6 

55.6 

51.1 

55.8 
48.4 

51.9 

46.1 

45.6 

43.0 

48.6 

39.4 

58.0 

42  6 

68.5 

46.6 

57.7 

60.6 

57.8 

61.8 

62.0 

51.0 

61.5 

44.2 

61.0 

56.5 

61.5 

49.7 

62.5 

48.5 

57.9 

43.3 

55.4 

40.6 

53.5 
41.6 

58.5 

43.8 

53.5 

41.8 

53.7 

41.9 

55.3 

43.0 

52.9 

43.6 

54.4 

40.0 


66.73 
46.46 
10.27 


54.0 

52.8 

60.8 

52.5 

61.2 

58.4 

55.7 

64.4 

55.0 

51.2 

51.0 

48.9 

47.0 

46.1 

47.4 

45.1 

53.1 

44.3 

65.0 

47.7 

54.2 

60.3 

58.1 

61.9 

58.5 

52.0 

57.0 

48.5 

57.3 

54.5 

57.2 

52.3 

58.6 

51.0 

55.5 

49.4 

53.2 

46.0 

52.2 
46.5 

52.6 
46  7 

50.5 

45.6 

50.9 
44.3 

52.1 
44.8 

51.1 

46.1 

51.4 

44.6 


54.18 
49.03 
6.15 
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TABLE  74.-MAXIMUM  AND  MINIMUM  TEMPERATURE  OF  DIFFERENT  TYPES  OF  SOIL.  NOT  CONnERKD 

WITH  PAND.  NOVEMBER.  1915. 


Date- 
Maximum, 

Gravel. 

Sand. 

Loam. 

Clay. 

PMt 

minimum. 

r 

4' 

6' 

r 

4' 

6" 

2' 

4- 

r 

4' 

6' 

r 

! 

6' 

,  ;  Max  .. 

*  iMin. ... 

58.6 

45.8 

55.9 

47.5 

55.2 

49.4 

se.i 

45.1 

56.7 

46.5 

56.5 

49.0 

56.5 

45.8 

54.7 

48.5 

52.4 

49.5 

54.7 

46.0 

53.9 

48.1 

52.9 

49.6 

54.6 

46.0 

52.4 

•48.9 

50.7 
49  5 

ofMax  ... 

^IMin.... 

47.6 

43.8 

47.5 

45.5 

47.9 

47.5 

47.5 

43.0 

47.5 

45.0 

47.9 

47.0 

46.7 

43.8 

47.2 

46.8 

48.1 

47.5 

46.5 

43.8 

46.7 

45.4 

48.1 

47.4 

45.8 

43.8 

48.5 

46.7 

50.0 

48  5 

„  f  Max.... 

"^IMin... 

50.0 

U.O 

47.1 

36.7 

48.8 

39.5 

50.5 

32.7 

48.0 

35.0 

47.3 

38.2 

47.7 

34.9 

46.4 

39.0 

45.4 

41.5 

46.8 

34.6 

45.3 

38.0 

45.4 

41.0 

44.5 

36.1 

44.4 

41.0 

45.5 

44.2 

.(Max  . 

*lMin.... 

54.5 

42.0 

50.8 

42.4 

50.0 

43.2 

55.2 

41.5 

52.0 
42.1 

51.0 

43.0 

51.5 
41.5 

49.6 

42.6 

47.6 

43.1 

50.6 
41.7 

48.0 

42.4 

47.8 

43.2 

49.8 

41.1 

47.6 

42.3 

46.2 
44.6 

5/ Max.... 

45.8 

40.4 

45.2 
41.4 

45.5 

42.6 

45.8 

39.4 

45.2 

40.5 

45.5 

42.0. 

44.6 

40.1 

44.9 

42.1 

44.7 

43.2 

44.8 

40.5 

44.2 

41.7 

44.9 

43.3 

44.0 

39  2 

44.4 

42  4 

45.5 

44.8 

gfMax... 

48.9 

^34.6 

46.8 

36.7 

46.0 

38.7 

49.3 

33.4 

47.2 

36.3 

46.9 

37.5 

46.0 

34  8 

45.4 

37.9 

43.9 

39.8 

45.5 

35.0 

45.1 

37.5 

44.3 

39.6 

44.9 

36.4 

42.8 

39.2 

43.0 

41.9 

c  •  Max  

^1  Min.... 

63.0 

51.2 

58.4 

50.0 

54.3 

49.0 

64.3 

51.5 

60.8 

50.6 

57.0 

49.8 

60.3 

49.8 

55.1 

48.5 

52.7 

46.9 

59.7 

50.1 

54.5 

48.6 

53.3 

47.6 

58.6 

49.2 

53.0 

46.6 

40.7 

46  0 

o^Max... 

^IMin... 

52.9 

38.6 

49.5 

41.1 

49.1 

43.8 

53.8 

37  5 

51.1 

39.7 

50.2 

42.8 

51.2 

39.  r 

49.2 

42.9 

48.2 

44.9 

50.2 

39.4 

48.1 

42  4 

48.0 

44.8 

48.3 

39.4 

47.5 

44.3 

47.1 

45  9 

in  f  Max.  ... 

*"iMin.... 

43.8 

46.3 

44.2 

38.0 

44.4 

40.1 

43.8 

34.8 

44.3 

36.5 

44.7 

39.0 

43.3 

36.3 

43.9 

30  5 

43.3 

41.4 

43.4 

36.4 

43.6 

38.7 

43.6 

41.0 

42.4 

35.9 

42.1 

40.3 

44.2 

43  1 

1,  [Max.... 

"  \  Min.... 

65.9 

48.5 

54.2 

46.9 

52.7 

45.8 

56.0 

48.5 

54.9 

47.0 

53.5 

46.2 

54.5 

46.8 

52.3 

45.5 

48.4 

44.3 

54.6 

47.1 

52.4 

45.3 

50.5 

46.0 

53.8 

46.6 

49.6 

43.8 

47.1 
44  4 

,2  f  Max  ... 

49.0 

39.3 

47.2 

41.6 

46.0 

44.3 

49.8 

37.8 

48.5 

40.0 

47.1 

43.1 

48.5 

39.7 

46.7 

43.8 

46.4 

45.4 

48.6 

40.1 

46.8 

43.5 

46.6 

45.7 

48.0 

40.0 

46.1 

44.9 

47.4 

45.9 

,Q  f  Max  

•  Min.... 

45.6 

34.6 

43.5 

3G.8 

43.4 

38.8 

43.3 

33.5 

44.5 

35.4 

43.6 

37.7 

45.0 

35  5 

43.6 

38.7 

43.2 

40.5 

44.8 

35.4 

43.3 

38.0 

43.6 

40.5 

43.1 

36.8 

42.5 

40.2 

43.6 

42.6 

fMax.  . 

^^1  Min... 

35.4 

34  0 

36.1 

35.8 

37.4 

36.9 

35.4 

33  3 

35.5 

^.8 

36.8 

36.4 

34.9 

34.3 

37.0 

36.5 

38.3 

37.6 

36.0 

34.2 

36.8 

36.4 

38.1 

37.5 

36.1 

■36.3 

38.0 

37.3 

40.6 

39.7 

IgfMax.... 

34.3 

32.9 

35.2 

34.3 

36.1 

35.5 

33.5 

32.2 

34.5 

33.5 

35.7 

34.8 

34.0 

33.0 

35.4 

34.9 

36.4 

36.0 

34.4 

32.7 

35.5 

34.4 

36.4 

36.9 

34.2 

33.7 

38.4 

35.8 

38.8 

38  3 

17  (  Max  . . . 

Min... 

42.3 

33.8 

39.3 

34.8 

39.8 

35.7 

42.1 

33.4 

39.7 

34.3 

40.0 

35.4 

39.5 

33.8 

39.4 

35.4 

38.6 

36.0 

42.5 

34.3 

39.8 

35.3 

39.6 

36.3 

36.4 

33.8 

36.5 

35.2 

37.6 

37.5 

,  u  f  Max  

.  Min,  .  .. 

39.9 

33.9 

39.7 

35.0 

39.5 

36.0 

40.1 

33.3 

39.7 

34.3 

39.8 

35.5 

39.2 

33.9 

39.0 

35.6 

38.2 

36.4 

40.1 

34.1 

39.5 

36.4 

39.0 

36.6 

37.7 
34.0 

36.8 

35.3 

37.6 

37.2 

,Q  (Max.... 

'^1  Min  ... 

41.4 

38.0 

41.3 

3S.8 

41.1 

39.  S 

41.3 

37.7 

41.5 

38.7 

41.4 

39.9 

40.7 

37.9 

40.4 

39.3. 

40.0 

39.6 

41.2 

38.6 

40.6 

39.6 

40.8 

40.2 

30.8 

37.9 

39.5 

38.8 

38.8 

39.1 

on  1  Max .... 
2"  I  Min... 

38.5 

35  4 

38.7 

36.7 

38.8 

37.7 

38.7 

35.0 

38.8 

36.2 

38.9 

37.5 

38.0 

35.4 

38.1 

37.2 

38.2 

37.8 

38.8 

36:o 

38.5 

37.3 

38.6 

37.9 

37.6 

36.6 

37.6 

37.2 

38.8 

38.5 

32.9 

32.8 

34.0 

33.9 

34.8 

34.6 

32.6 

32.5 

33.7 

33.6 

34.8 

34  () 

33.3 

33.3 

34.7 

34.6 

35.4 

35.2 

33.5 

33  4 

34.5 

34.3 

35.5 

35.3 

33.7 

33.6 

35.0 

34.8 

37.6 

36.7 

00  f  Max  

'^•*\Min... 

32.6 

32.3 

33.5 

33.4 

34.2 

34.0 

32.2 

32.1 

33.2 

33  0 

34.0 

34.0 

32.7 

32.5 

34.0 

33  9 

34.6 

34  4 

33.2 

33.0 

33.9 

33.9 

34.7 

34  6 

33.3 

33.2 

34.3 

34.2 

38.2 

36.0 

35.8 

33.3 

36.5 

34  0 

36.7 

34.5 

35.2 

32.8 

36.  G 

33.5 

36.5 

34.4 

34.8 

32.9 

35.5 

34.0 

35.0 

34.3 

35.4 

33.3 

34.2 

35.7 

35.7 

34.7 

33.2 

33.0 

34.0 

33.9 

35.7 

36  6 

^{iS;::: 

50.8 

43.9 

48.5 

43  7 

47.4 

43.5 

51.9 

43.  S 

49.5 

43.8 

48.8 

43.8 

48.4 

43.0 

46.8 

.2.7 

44.5 

41.5 

48.8 

43.5 

47.2 

43.0 

45.6 

42.5 

47.5 

42.3 

44.0 

40.5 

41.6 

39.9 

»7  /  Max  

^iMin.... 

46.5 

41.5 

45.4 

43.2 

44.9 

44.3 

47.0 

40.8 

45.8 

42  5 

45.0 
44.1 

44.2 

41.6 

44.4 

43.4 

44.0 

43.0 

44.4 

41.7 

44.5 

43.2 

44.0 

43  6 

44.3 

42.0 

43.5 

42.6 

43.2 

42.7 

20  (  Max.... 
2'' I  Min.... 

34.9 

34.3 

36.4 

35.8 

37.6 

36.9 

34.3 

33.8 

35.5 

34.8 

36.9 

36  1 

35.2 

34.7 

37.1 

36.4 

38.0 

37.1 

35.5 

35.2 

37.1 

36.5 

38.5 

37.5 

36.5 

36.6 

38.1 

37.3 

40.2 

39.3 

Oft  f  Max .... 
Min.  .. 

33.9 

33.7 

35.0 

34.7 

36.0 

36.7 

33.5 

33.3 

34.6 

34.3 

35.7 

35  3 

34.0 

33  8 

35.6 

35  3 

36.3 

35.8 

34.7 

34.4 

35.8 

35.4 

38.7 

36.3 

34.9 

34.3 

38.4 

35.9 

38.4 

37.7 

(  Max.. 
Ave.j  Min 
i  Range 

44.42,  43.42 
38.20  39.00 
6.22|  4.42 

43.25 
40.15 
3.10 

44.59 
37.16 
7.43 

42.78 
38.29 
4.49 

43.65 
38.73 
3.92 

43.18 
37.78 
5.40 

42.89 
39.64 
3.25 

42.34 
40.35 
1.99 

43.37 
38.03 
5.34 

42.66 
39.44 
3.22 

42.75 
40.54 
2.21 

42.35 
37.01 
4.44 

41.88 
30.82 
2.06 

42.48 
41.42 

l.OS 
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Considering  first  tables  39  to  50  inclusive  which  contain  the  daily  and 
monthly  maximum  and  minimum  and  also  the  average  monthly  ampli- 
tude, of  the  dififerent  types  of  soil  for  the  second  year  during  which  they 
were  not  covered  with  a  layer  of  sand,  it  will  be  seen  (1)  that  during  the 
winter  months  when  the  soils  were  frozen  the  fluctuation,  or  the  dif- 
ference between  the  maximum  and  minimum,  was  practically  negligible 
in  all  soils  and  at  all  three  depths.  With  the  exception  of  a  few  cases 
the  monthly  amplitude  was  of  equal  magnitude  not  only  in  all  the  soils 
but  also  in  all  the  various  depths,  and  it  amounted  as  a  rule  to  about 
VF.  During  a  few  days  towards  the  middle  of  February,  however,  it 
amounted  to  several  degrees  at  the  upper  6-inch  depth,  in  some  of  the 
soils. 

(2)  Immediately  upon  thawing  in  the  spring  the  magnitude  of  fluctu- 
ation began  to  increase.  It  became  greatest  in  the  sand  and  gravel  and 
slightly  smaller  in  the  loam  and  clay  and  least  in  peat.  It  continued  to 
increase  until  June  when  it  reached  its  maximum  in  all  the  Foils  at  all 
three  depths.  As  an  average  for  this  month  it  ran  as  follows  for  the  6, 
12,  and  18-inch  depths  respectively:  gravel  14.63°,  5.73°,  2.52°;  sand 
14.67'°,  5.51°,  1.37°;  loam  11.53°,  1.71°,  0.37°;  clay  11.67°,  2.59°,  0.58°; 
and,  peat  4.19°,  0.36°,  0.39°P.  At  certain  individual  days  during  this 
month  it  ran  as  high  as  20°F  in  the  case  of  sand  and  gravel  and  only 
about  5°F  in  peat,  at  the  6-inch  depth.  From  June  on  it  began  to  de- 
crease in  every  soil  and  at  every  depth  and  continued  to  diminish  until 
the  soils  froze  again. 

(3)  The  soils  which  attained  the  lowest  minimum  temperature  also 
attained  the  highest  maximum  and  they  arrange  in  the  following  descend- 
ing order:  sand  or  gravel,  loam,  clay,  and  peat.  The  difference,  however, 
between  the  lowest  minimum  temperature  of  the  ditferent  soils  was  not 
very  large,  the  highest  average  variation  for  any  month  was  only  about 
3°F.  The  difference,  however,  between  the  maximum  of  these  soils  was 
quite  appreciable  and  especially  betwen  the  sand  or  gravel  and  peat  in 
which  it  amounted  in  some  months,  after  complete  thawing  had  taken 
place,  to  about  9°F.  In  other  words  the  magnitude  of  the  minimum 
temperature  attained  by  the  diverse  classes  of  soils  was  about  the  same 
or  very  close,  while  that  of  the  maximum  varied  somewhat  and  especially 
between  the  sand  or  gravel  and  peat. 

The  close  equality  of  the  minimum  temperature  in  the  diverse  classes 
of  soil,  therefore,  contradicts  the  common  belief  that  the  light  soils 
become  greatly  colder  or  reach  a  far  lower  temperatui*e  during  the  night 
than  the  heavier  soils  and  especially  peat,  while  the  rather  marked  dif- 
ference in  the  maximum  temperature  goes  to  indicate  that  it  is  mainly 
this  which  is  responsible  for  the  variation  in  the  average  temperature  ob-' 
served  in  the  various  types  of  soil  during  the  spring  and  summer  months. 

The  diata  on  the  daily  and  monthly  maximum  and  minimum  and 
monthly  range  for  the  third  year  are  contained  in  Tables  51  to  62  in- 
clusive. It  should  be  remembered  that  the  soils  during  this  year  were 
covered  with  a  thin  layer  of  sand. 

The  order  and  magnitude  of  the  fluctuation  of  the  different  soils  dur- 
ing the  third  year  agi-ee  with  those  of  the  second  year  just  discussed, 
but  the  order  and  magnitude  of  the  minimum  and  maximum  disagree 
most  markedly.  Indeed,  the  latter  were  just  reversed  in  the  third  year. 
The  magnitude  of  the  maximum  became  more  equal  in  the  ^^a^ous  soils 
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while  the  minimum  varied  appreciably,  but  the  difference  was  not  as 
great  as  was  in  the  maximum  in  the  preceding  year,  the  greatest  monthly 
variation  being  only  about  5"F  as  against  lO^F  between  the  sand  and 
peat. 

Evidently,  therefore,  the  cover  of  sand  raised  the  maximum  tempera- 
ture, as  well  as  it  did  the  average,  of  the  heavy  types  of  soil  and  especially 
of  peat,  to  the  same  d^ree  as  that  of  the  light  classes  of  soil..  And  by 
so  doing  it  augmented  their  total  intrinsic  heat  and  their  minimum  tem- 
perature did  not  fall  as  low  as  that  of  the  light  soils.  As  already  stated 
it  accomplished  this  rise  of  temperature  mainly  by  reducing  the  excess 
of  water-evaporation. 

The  data  of  the  fourth  year  during  which  the  soils  were  not  covered 
with  sand  and  their  temperature  was  measured  at  2,  4,  and  6-inch  depths 
instead  of  6,  12,  and  18  as  previously,  are  represented  in  Tables  63  to 
74  inclusive.  The  results  in  these  tables  show  that  the  magnitude  and 
order  of  amplitude  in  the  6-inch  depth  were  practically  the  same  as  in 
the  second  or  corresponding  year,  when  the  soils  remained  uncovered, 
but  in  the  2  and  4-inch  depths,  they  were  of  course  somewhat  different. 
The  degree  of  fluctuation  in  these  upper  depths,  and  especially  in  the  2- 
inch,  was  higher  but  surprisingly  approximately  equal  in  the  various 
soils.  This  means  that  the  degree  of  amplitude  in  peat  at  the  upper 
depths,  was  almost  as  great  as  that  in  sand  and  gravel. 

The  order  and  magnitude  of  the  maximum  and  minimum  at  the  6-inch 
depth  in  all  the  soils  were  also  the  same  as  in  the  second  yeaVy  but  iu 
the  2  and  4-inch. depths  they  differed  somewhat.  The  most  important 
difference,  however,  is  that  the  magnitude  of  the  minimum  of  the  peat 
at  the  2-inch  depth  was  equal  to  or  slightly  lower  than  that  of  sand  or 
gravel,  while  at  the  lower  depths  it  was  always  higher. 

Temperature  records  taken  at  the  upper  14-inch  depth  by  the  mercury 
thermometer  with  small  bulb  as  already  described,  also  show  that  the 
])eat  at  this  depth  attained  in  the  morning,  as  a  very  general  rule,  a 
slightly  lower  minimum  than  the  sand  and  gravel,  at  the  same  depth. 

These  unexpected  large  diurnal-nocturnal  fluctuations  and  low  mini- 
mum temperature  of  the  peat  at  the  surface  or  upper  depths  as  com- 
})ared  with  those  of  the  light  mineral  soils,  are  undoubtedly  due  to  the 
l)Oor  heat  conductivity  of  the  material.  On  account  of  the  low  heat 
transferring  power  of  the  peat,  heat  does -not  travel  suflftciently  rapidly 
from  the  lower  depths  to  replenish  some  of  that  which  is  being  lost  at  the 
surface  and  consequently  it  attains  a  low  minimum,  even  though  the 
temperature  at  a  slightly  lower  depth  is  very  high.  For  the  same  rea- 
s(m,  during  the  insolation,  the  surface  attains  a  high  temperature.  A 
low  minimum  and  high  maximum  therefore  give  a  high  fluctuation  at 
the  surface. 

From  the  above  it  would  seem  therefore  that  the  factor  of  poor  heat 
conductivity  of  peat  predominates  and  exerts  a  slightly  controlling  in- 
fluence on  its  temperature  at  or  near  its  surface. 

TUB  DEGRKB  OF  AMPLITUDE)  AT  DIFFBRKNT  DEPTHS  AND  THB  LAW  IT  FOLLOWS. 

As  already  seen  the  magnitude  of  the  diurnal-nocturnal  amplitude 
diminishes  with  depth.  The  remarkable  fact,  however,  is  that  this  de- 
crease follows  a  mathematical  law  and  indeed  the  geometric  law,  i.  e., 
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the  diurnal-noctumal  amplitude  of  oscillation  of  temiKjrature  decreases 
in  geometric  progression  as  the  depth  increases  in  arithmetric  pro- 
gression. The  extraordinary  closeness  with  which  the  actual  fluctuation 
follows  this  law  is  shown  by  Table  75,  which  contains  the  observed  and 
calculated  fluctuation  of  the  five  different  types  of  soil  at  four  different 
depths.  The  observed  amplitudes  were  obtained  by  taking  records  of  the 
temperature  every  20  minutes  until  the  absolute  maximum  and  minimum 
w6re  attained  at  all  different  depths.  The  calculated  values  were  se- 
cured by  dividing  the  lowest  observed  fluctuation  by  the  one  preceding 
and  then  multiplying  the  other  observed  values  by  the  ratio  or  constant 
thus  obtained. 
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It  is  readily  seeji  from  the  above  table,  therefore,  that  the  calculated 
and  observed  diumal  amplitudes  are  remarkably  close  in  all  the  diverse 
types  of  soil  and  consequently  the  law  is  valid. 

Since  the  actual  diurnal-nocturnal  fluctuations  follow  the  "geometric 
progression  law  they  are  expressable  then  by  the  formula  A=FR'*-^, 
where  A  is  the  amplitude,  V  the  first  fluctuation,  R  the  ratio  of  any 
amplitude  (except  the  first)  to  the  preceding  one,  and  n  the  number  of 
the  amplitude.  According  to  this  equation,  therefore,  if  the  amplitude 
is  known  at  two  different  depths  it  can  be  calculated  at  any  other  .depth. 

THE3  RBIvATION  BETWEEN  TUB  MINIMUM  TEMPERATURE  OF  THE  SOIL  AT  THE 
SURFACE  AND  THAT  OF  TUB  AIR  ABOVE. 

On  account  of  the  absorption  of  the  solar  energy  the  temperature  of 
the  soil  immedately  at  the  surface  at  the  time  that  it  reaches  its  maxi- 
mum is  many  degrees  higher  than  that  of  the  air  above,  amounting 
sometimes  to  about  30°F.  In  certain  sections  of  the  world  this  dif- 
ference must  be  far  greater. 

During  the  night,  however,  i.  e.,  when  the  minimum  temperature  is 
attained  at  the  surface  soil,  no  such  great  difference  exists.  Indeed,  both 
the  air  and  surface  soil  reach  practically  equal  minimum  temperature,  as 
the  data  in  Table  76  show.  These  data  were  obtained  by  placing  on  the 
surface  soil  and  about  four  feet  in  the  air,  minimum  thermometers  of 
the  standard  type,  and  taking  records  every  morning  for  six  months. 
During  the  months  of  June,  July,  August,  and  September  the  ther- 
mometers were  exposed  to  the  sky,  but  during  September,  October-  and 
November  they  were  covered  with  wooden  boxes  with  perforations  all 
around  them  to  allow  free  circulation  of  air  and  consequently  the  rapid 
attainment  of  the  actual  air  temperature.  For  lack  of  space  only  the 
averages  for  the  various  months  are  presented  here. 


T\BLE  76.— MONTHLY  AVERAGE  MINIMUM  TEMPERATURE  OF  THE  SOIL  AT  THE  SURFACE  AND  THAT 

OF  THE  ATR  ABO^'^. 


June. 

July. 

Aucui  t. 

September. 

OctolxT. 

November. 

?i  rfacc  soil   

49.36 

58.03 

53.88 

52.04 

39.74 

33.48 

Air.  

47.90 

56.42 

52  34 

50  8S 

38  S2f 

31  35 

It  is  to  be  noted,  therefore,  that  even  during  the  night  the  surface 
soil  had  a  higher  temperature  than  the  air  above,  but  the  difference  is 
comparatively  small,  amounting  to  less  than  2°F,  In  many  individual 
nights  the  air  temperature  would  be  that  many  degrees  warmer. 

The  above  results  on  the  soil  surface  temperature  were  obtained  on 
a  sandy  loam.  Now  it  has  already  been  seen  that  the  mineral  soils 
maintain  a  slightly  higher  temperature  during  the  night  than  peat. 
Hence  peat  would  always  have  equal  or  slightly  lower  temperature  at  the 
surface  than  the  air  above. 

It  is  an  interesting  fact  that  during  the  night,  say  at  the  time  that 
the  minimum  temperature  is  attained  at  the  surface  soil,  the  tempera- 
ture of  the  air  increases  with  the  elevation  up  to  a  certain,  height  and 
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the  soil  <einl>era1ure  iiicreases  with  the  depth,  while  during  the  day  the 
reverse  is  true. 

SEASONAL  AND  YEARLY  AVKRAGB  TBMPHRATURB. 

From  the  theoretical  as  well  as  from  the  practical  standpoint  it  is 
very  interesting  and  important  to  know  what  is  the  seasonal  and  yearly 
average  temperatui-e.  These  data  of  the  ditTerent  types  of  soil  at  the 
various  depths  for  the  three  years  are  presented  in  Tables  77,  78  and  79 
inclusive. 


TABLK  77.-MONTHI.Y,  SEASONAL  AND  YKARLY  AVKIl\r.K  TEMPKRATURE  OF  DIFFERENT  TYPES  OF 
SOIL.  NOT  COVERED  WITH  SAND. 


1912-1913 

Gravel.  1 

Sand. 

Loam. 

Clay. 

Peat. 

Air 

Scaaoo. 

6' 

ir 

18- 

6' 

12' 

18- 

6- 

12" 

18' 

6' 

ir 

18" 

6' 

12* 

18* 

1 

Wintw: 
I>r  ... 
.I:in .... 
Feb. . . . 

33.45 
32.39 
28  4n 

.34  71 

33  3S 
29  70 

36.81 
3-1.82 
31  67 

.33  53 
32  11 
28.01 

.35.03  37.32 
.33  41  35.06 
29.96  32.09 

33.45 
31.61 
28.23 

35.77 
33.66 
30  91 

.37.69 
35.18 
32.53 

33.65 
32.19 
28.59 

35.75 
33.82 
30.77 

37.12 
34.94 
31.99 

33.86 
31.78 
27.61 

35.73 
33.36 
30.77 

1 

38  36  31  0 
35  .78  26  2 
33  31  20.0 

Ave.... 

31.41 

32.60 

34.43 

31.22 

32.80 

34.82 

31.11 

33.46 

35.13 

31.48 

33.45 

34.68 

31.06 

33.29 

35.82 

25.73 

Rprinu: 
Mar. . . 

Apr  

May... 

34  16 
48. 8i 
61  01 

33  SI 
4->  83 
57.  SO 

33.79 
44  36 
35 

33  8.S 
48  40 
6!)  75 

33.6'):  33.81 
45  311  44  13 
57.43j  55  65 

32  10 
46.38 
59.. 36 

31  .56 
43  83 
56  61 

32.46 
42  .56 
54.36 

32,95 
46  21 
58.51 

32.25 
44.11 
56  22 

.32.57 
43.22 
55.03 

31.33 
.39.76 

58.03 

31.33 
37.06 
55.61 

32.91 
39.11 
54.20 

31.0 
45.9 
56  2 

Ave.... 

48.00 

45.81 

44.83 

47.68 

45.45 

44.54 

45.95 

44.00 

43.13 

45.88 

44.19 

43.61 

43.04 

41.33 

42.07 

44.37 

Summer: 

Jun  

July... 
AUR. . . . 

75  72 
78.73 
76,19 

71  29 
7.1  77 

73.70 

69.32 
74.74 
73  23 

74. 30 

77.23 
75.  Gl 

70.13 
74  79 
73.43 

67.34 
73.34 
72.5.3 

73  80 
77.89 
75.12 

69.78 
75.25 
73.50 

65.88 
72. 55 
71.87 

72.74 
76.38 
73.89 

68.82 
74.11 

,72.61 

66.46 
72.79 
72  02 

70  .54 
75.34 
74.24 

66.85 
73.75 
73.54 

64.58 
71.96 
72.45 

67.6 
70  « 
00.4 

Ave.... 

76.88 

73.58 

72.43 

75.72 

72.78 

71.07 

75.60 

72,84 

70.10 

74.34 

71.85 

70.42 

73.37 

71.38 

68.66 

68.27 

Autumn: 
Sep, . . . 
Oct.. .. 
Nov. .. 

66  59 
53.24 
42.02 

6V35 
.53.66 
42.67 

65  45 
54.46 
43  71 

66  09 
52.75 
41.97 

65  00 
53  .58 
42.96 

65  34 
55.07 
44.42 

65  .59 
52  ,54 
41.90 

65  31 
.54  05 
43  .  IS 

61.96 
55.07 
44  33 

65.22 
52.78 
42.29 

61.56 
52.79 
42.60 

65.12 
55.11 
44  42 

65.27 
53.03 
41.95 

65  63 
54.88 
43.42 

65.09 
56.37 
45.45 

61.0 
50.2 
41.7 

Ave 

53.95 

53.89 

54.54 

53.60 

53.88 

54.94 

53.01 

54.19 

54.79 

53.43 

53.32 

54.88 

53.42 

54.64 

56.84 

90.97 

Yr.  ave 

52.56 

51.48 

51.53 

51.22 

51.23 

51.35 

51.42 

51.12 

50.79 

51.29 

50.70 

50.90 

50.23 

50.16 

50.85 

47.E8 
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TABLE  73.— MONTHLY.  SEASONAL.  AND  YEARLY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TiTES  OF 

SOIL,  COVERED  WITH  SAND. 


1913-14 
ScasoD. 

Gravel. 

Send. 

Loam. 

C!ay. 

Peat. 

Air. 

ir 

18' 

12* 

18' 

6' 

12* 

18' 

12' 

18' 

6'  1  12' 

1 

18' 

Winter: 
Dec... 

Jan  

Feb.... 

30.22 
33.70 
33.44 

37.91 
34.81 
34.53 

39.05 
35.48 
35.18 

35  73 
33.39 
32.76 

38.13 
34.85 
34.36 

40.41 
36.38 
35.90 

36.25 
33.05 
33.12 

38.81 
34.80 
34.73 

40.61 
36.21 
35.89 

36.59 
34.00 
33.73 

38.62 
35.14 
34.89 

40.40 
36.30 
35.91 

37.09 
33.10 
33.42 

39.74 
34.76 
34.74 

42.03 
36  90 
30.50 

31.8 
27.0 
12.7 

Ave... 

34.45 

35.75 

38.57 

33.96 

35.78 

37.  S6 

34.14 

36.11 

37.57 

34.77 

36.22 

37.54 

34.54 

36.41 

38.50 

23.83 

Spring: 
Mar... 
Apr. . . . 
May... 

35.99 
46.80 
59.87 

36.18 
45.35 
57.47 

36.33 
44.73 
56.48 

35.58 
47.16 
00.29 

1 

35.971  36.55 
45.34  44.34 
57.311  55.64 

1 

35.33 
45.84 
69.14 

35.94 
44.64 

56.93 

36.25 
43.23 
54.40 

35.97 
45.74 
59.44 

1 

36.021  30.56 
44.44  43.74 
66.73|  55.46 

1 

1 

33.59  34.46 
44.79143.18 
50.16|56.41 

30.03 
42.82 
54.82 

31.1 
44.7 
58.6 

Ave.... 

47.65 

46.33 

45.85 

47.68 

1 

46.21 1  45.51 

46.77 

45.84 

44.63 

47.05 

45176 

45.25 

45.85|44.68 

44.66 

44.80 

Summer: 

Jun  

July... 
Aug.... 

71.71 
75.92 
73.39 

69.36 
74.08 
71.99 

68.35 
72.62 
71.77 

71.. 56 
75.24 
72.09 

1 

68.79I  67.12 
73  .30  71.53 
71.69j  71.09 

71.69 
75.80 
73.35 

69.00 
73.27 
72.20 

65.97 
70.15 
70.37 

71.40 
75.31 
72.88 

68.42 
72.25 
71.20 

67.18 
71.26 
71.16 

72.48 
70.93 
74.02 

69.67 
74.06 
73.15 

67.24 
71.74 
72.14 

66.0 
71.0 
68.9 

Ave... 

73.87 

71.81 

70.93 

73.16 

1 

71.26|  69.91 

73.61 

71.49 

68.83 

73.20 

1 

70.62|  69.87 

74.44 

72.28 

7O.37l68.63 

1 

Autumn: 
Sept. 
Oct.... 
Nov... 

63.91 
55.86 
39.26 

63.58 
56.16 
40.97 

63.89 
56.97 
42.14 

63.30 
55.54 
38.22 

1 
I 

63.42'  04.01 
56.151  57.57 
41.50^  43.46 

63.79 
55.56 
30.49 

64.05 
56.71 
41.87 

63.47 
57.45 
43.61 

63.62 
55.79 
39.93 

 1  

63.55^  64.04 
66.451  57.51 
41.72  43.65 

1 

64.35 
56.33 
39.84 

64.84 
57.87 
42.92 

65.03160.3 
59.03154.6 
45.55  37.6 

1 

Ave... 

53.01 

53.57 

54.33 

52.35 

1 

53.69|  55.01 

52.95'  54.21 

I 

54.84 

1  i 
53.11|  53.911  55.07 

1 

53.51155.21 

 1  

 1  

56. 541 50. 83 



Yr.tve... 

62.17 

51  ..87 

51.82 

51.47 

51.741  52.00 

51.87'  51.92 

51.47 

 1  

52.04,  51.63  51.94 

1 

52.O9i52.i4 

1 

52.49j47.02 
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TABLE  79.- MONTHLY,  SEASONAL,  AND  YEARLY  AVERAGE  TEMPERATURE  OF  DIFFERENT  TYPES  OF 

SOIL.  NOT  COVERED  WITH  SAND.* 


1911-15 
Season 

Gnvel. 

Send. 

Loam. 

Clay. 

Peat  Air. 

4* 

6' 

r 

4' 

6' 

2' 

A' 

6' 

r 

4' 

6' 

r 

4'  6' 

Winter: 
Dec..  . . 
Jan . 
Feb.... 

32.28 
31.81 
32.21 

33.03 
32.30 
32.74 

33  73 
32  65 
32.96 

30  23 
30.59 
.32.19 

31  81 

31.28 
32.73 

32.77 
31.90 
33.13 

32  54 
31  28 
31.49 

33.56 
32.05 
32.13 

33  83 
32  02 
31.95 

32.29 
31.87 
32.11 

32.96 
32.03 
32.31 

33.72 
32  4G 
32.73 

33  30 
32.05 
31,93 

34  .01  35  35  21  6 
31.93  32  58  21)  4 
31  74  32  40  2*1  4 

Ave.... 

32.1C 

32.89 

33.11 

31.00'  31.94 

32.82 

31.77 

32.58 

32.60 

32.09 

32.43 

32.97 

32.43 

32.57|33.44 

23.80 

Spnng: 
Mar. . . 

Apr  

May... 

34.33 
50.16 
58.54 

34.37 
54.82 
57.77 

34.28 
62.95 
56.76 

34.34 
56.22 
58.74 

34.48 
54.36 
58.11 

34.64 

53.60 
56.78 

33.27 
55.25 
56.96 

33.89 
52.95 
66.37 

33.47 
50.10 
54.34 

33.86 
54.41 
57.39 

33  74 
52.03 
55.31 

'33.88 
50.69 
54.92 

31.80 
49.90 
56.69 

31.59 
46.59 
54.97 

32.23 
45.80 
54.48 

30  1 
51.6 
51.5 

44.40 

Ave,... 

48.68 

48.99 

48.00 

49.77 

48.98 

48.34 

48.49 

47.74 

45.97 

48.55 

47.03 

1 

48.50t48.15 

44.38 

44.17 

Sununer: 
-  Jun  

July... 

Aug.  , . 

69.78 
75.70 
70.50 

67.92 
74.18 
69.45 

66.79 
72.70 
68.58 

69.98 
76.18 
70.80 

68  55 
74.96 
70.00 

67.22 
73.69 
69.26 

67.86 
73.41 
68.54 

66.42 
72.82 
68.06 

63.79 
70.12 
66.28 

67.84 
74.39 
69.44 

65.46 
71.55 
68.17 

64.45 
71.04 
67.38 

67.53 
74.20 
69.42 

64  .65  63  .65 
71.51  70.16 
67.50  67.28 

61  0 

67.9 

64.10 

63  2 
51  1 
39  S 

Ave  .  . 

71.99  70.S2 

60.38 

72.32:  71.17 

70.08 

68.94j  88.10 

86.73  70.56 

68.39 

67.62 

70.38 

67.89  67.03 

.Autumn 
Sept... 
Oct.... 
Nov.. 

67.67!  66.74 
53.66'  53.65 
41.37-  41.67 

I 

65.78 
53.16 
41.87 

68.23 
54  13 
41.14 

67.41 
53.97 
41.52 

66.73 
53.01 
41.91 

67.22 
►  53  38 
40.95 

65-90 
52.78 
41.45 

63.94'  66.67 
51.58,  52.88 
41.25  41.07 

65.47 
52  34 
41.18 

61  58 
51.97 
41.58 

66.88 
.52.94 
40.50 

64.74 
51.46 
40.73 

64  47 
51  85 
41.94 

Ave. . . . 

54.23j  54.02 

».60 

54.50 

54.30 

54.08 

53.85 

53.38 

52.26  53.54 

53.00 

52.71 

53.44 

52.31 

52.75 
43.35 

51.37 
45.92 

Yr.ave 

1 

52.00  51.56 

51.02  51.90 

51.60 

51.28 

51.01 

50.70 

49.39  '  51.17 

1 

5C.21 

49.95 

£0.60 

49.29 

An  examination  of  the  foregoing  tables  shows  the  following  most  im- 
j)ortant  facts:  (l)In  all  three  years  the  highest  seasonal  average  tem- 
perature occurred  in  the  summer,  a  slightly  lower  in  the  spring  and 
autumn  and  the  lowest  in  the  winter.  The  fall  temi)erature  was  slightly 
higher  than  that  of  the  spring.  (2)  In  all  the  four  seasons  there  was 
a  greater  or  less  gradient  of  temperature  at  the  various  depths.  Dur- 
ing the  seasons  of  spring,  summer  and  fall  this  gradient  diminished  with 
increase  in  depth  but  in  the  winter  the  reverse  was  true.  (3)  The  mag- 
nitude of  the  yearly  average  temperature  was  practically  the  same  for 
all  types  of  soil  and  espial  at  all  three  depths,  i.  e.,  the  upper  18-inch 
layer  of  the  different  types  of  soil  had  practically  the  same  magnitude 
of  yearly  average  temperature.  (4)  The  average  air  temperature  was 
more  or  less  lower  than  that  of  all  the  soils  at  any  depth  in  all  four 
seasons. 
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SF3ASONAL  AND   YlfiARbY    MAXIMUM,  MINIMUM,  AND  AMPLITUDB  OF 

TDMPEBATURD. 

Of  equal  interest  and  importance  as  the  average  seasonal  and  yearly 
average  temperature,  is  the  seasonal,  yearly  maximum,  minimum,  and 
amplitude  of  temperature  of  the  various  soils.  These  data  ai*e  contained 
in  Tables  80,  81  and  82  for  the  three  years,  respectively. 
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TABLE  80.-MONTHLY.  RKASONAL  ANIT  YEARLY  MAXIMUM.  MINIMUM  AND  AMPLITUDE  OF  TEMPER- 
ATURE OF  DIFFERENT  TYPES  OF  SOIL,  NOT  COVERED  WITH  SAND. 


1012-1913. 
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TABLE  81.— M0NTHLY.SEA!3ONAL  AND  YEARLY  MAXIMUM.  MINIMUM  AND  AMPLITl^DE  OF  TEMPER- 
ATURE OF  DIFFERENT  TYPES  OF  SOIL.  COVERED  WITH  SAND. 


Winter: 
Dec... 


fMw... 
.  \  Min... 
Diff.... 


Jan. 


[Max. 
.  1  Min. 
I  Diff.. 


Feb. 


[Max. 

.  \  Min. 
I  Diff.. 


Seuonal. 


[Max. 
Min 
□iff 


36. 7f 
35.67  37  68  38.83 
1 


33.87 
33 
0.32 


33  .59  34  .69  35  .36  32 
33 

0.26 


34.74 
34 
0.56 


Spring: 

[Max.. 

Mar  -(Min... 

IDiff... 

[Max... 

Apr  <  Min . . . 

IDiff.  .. 

[Max... 

May  {  Min. . . 

iDiff.... 


37  3.5 
34.84 
2.51 


50.26 
43.10 
7.16 


59.67 


04.42 

54.76  56.13  55.74  53 
9.67 


Min. 
Diff.. 


Summer: 

(Max... 

June  \  Min. . 

IDiff... 

[  Max. . . 

Julv  \  Min... 

IDiff... 

[Max... 
Auz. ...   \  Min. . 

[Diff.... 

[  Max. . . 
Seasonal..  |  Min. . . 

( Diff  . 

Autumn: 

[Max... 

Sopt  i  Min  .  .  . 

1  Diff  ... 

.'.Max.  . 

Oct  ^Min... 

I  Wff  ... 

[  Mux. . . 

Nov  <  Min.  . . 

i  Diff  . . . 

[Max  .. 
Seasonal.  Min... 

I  Diff. .  . 


Yearly. 


'  Max 
{  Min. 
Diff. 


Gravel. 


B'    ^2r  la- 


ss. 34 


0.66 


55  34 


34  .98  35  . 6:^ 
64  35  .3.« 


.33  34 


18  35, 


38.00  36. 
58  38.41 


16.93  36.71 
35.71  36.07  34.23  35 


50. 
44. 
€.45 


68  47 


23  45 


78.83 
66.10 
10.64 


SO.  74 
70.88 
9.H6 


m  7i 
8.3? 


.'>8.71 
.52.96 
5.7J 


40.56 
38.0(1 
2.5f 


55.7f 
50.24 
5.54 


54.93 
49 
5.S9 


39.32 


0.49 


0.34 


.41 
0.28 


35.06  32  63 
0.31 


0.42 


47.17  45.52 
44.27  44.10  42.63  44 


2.90 


3.54 


57.81 


1  57 


92  46.51 

37  45, 
1.21 


2.55 


71.01 
67.94 
3.07 


75. 8P 
72.28 
3.61 


78.00  74.07 
68  81 
9.19 


3.29 


78.52  73.66 
18.63 
9.88 


3.33 


68.07  05.43 
62  40 
3.03 


57.76 

2.58 

41.6<< 
40. 3C 
1.33 


52.8S 
2.31 


32  50 


53.14 
M 
2.1F 


0.2? 


«.5e 

33.22 
0.34 


77  34 


0.36 


31 
33.64 
0.67 


0.04 


1.42 


65.80 
7 

12.03 


19  77 


67.58 
1.61 


73.50 
71.86 
1.64 


72.41 
70.78  70  W 


1.42 


71 .70  78.5? 
70.33  70.14  67.24 
1.5611.31 


64 

63  20 
1.3r 


.57.74 
56. 3C 
1.38 

i2.57 
41. 7?^ 
0.7'. 


54.96  54.97 


53.7f 
1.18 

52.4f 
51.41 
1.0P 


Sand. 


6'     12*  18' 


42  38 
06  37 


1.36 


35.01 
14.60 
0.32 


95 
63 
0  32 


L07  33 


34  52  .36 

34  25  35.79  32  .99  34 
0  27 


36.07  37.7! 
35.58  37.41 


19  47 


30  43 


51.38 
.54 
7.82 


19 
65.02 
12.17 


SO..")." 
69.3;^ 
11.2.^ 


68.14 

r)7.S6 
10. 2S 


'»8. 
.')2.05 
6  .V 

39. 
37.06 
2  44 


55.41 
48.98 
6.42 


34.91 
48.3! 
6.86 


52 
84 

0.6.« 


40. 7r 
40 

OS? 


?6.41 
36.28 
0.21 


0.43 


J6.7-1 
48 
1.20 


39 
09 
3.30 


59. 8.^ 
i5  76 
4.12 


48.00  45.91 


«.11 
2.79 


67.27 
4 


75.84 
1.S6 


77.89  73.90  71  57  77 
67.36 
10.5.T 


70. 2( 
3.64 


65.61 
62.02 
3  59 


60  57 


.80 
2.75 


U  90 
40.44 

1.4C 


55.1C 
52.E0 
2.60 

53.21 
t8.7£ 
3.46 


36 

.91 
0.76 


I?  35 


33  24 

32  8V 
0.36 


0  29 


0.3? 


?6.77 
J6.3f 
0.42 


34 
33. 
0.48 


44.81 
43.88 
0.93 


^6  3f 
34. 58 
1.77 

48. 6f 
43.68 
4.98 


56.14 

55.  Of 
1.05 


45.11 
0.80 


71.36  67.73 


06.5.* 
l.lf 


72.11 
70. 9f 
21 


70.57 
0(: 


73.7C  70.47  77 
08 
4.90 


.34 
1.13 


64.. 56 
63. .5( 
l.Of 


.57.81 
50.90 
0  91 


43.82 
43. IJ 
0.6' 


56.4C 
54.52 
0.8f 


32.3{ 
51 .6C 
0.7f 


6'     12*  18' 


67  39 


05 
38.60 
0  4.« 

34. 9(' 
34.71 
O.lf 


27  34.91 
61 
0.30 


0.2^ 


39  36 


83  35 


0.32 


36.1' 
35.7.5 
0.42 


63  18 
55.95 
7.23 


15.18 
44.1.^ 
l.Ofi 

57.4fl 
.56  .3.^ 
1.14 


48.40 
44.74 
4 


76.0? 
67.9V 
8.04 


SO.OJ 
72.47 
7  5f 


4S 
70  24 
7  24 


.8£ 

70 
7.62 


G7.52 
61.12 
6.40 


5.S.0S 
.53 
4 


40  .57 
38 
1  SI 


56.3C 
51. 2( 
4.19 

54.2C 
zO.OS 
4.23 


40.83 
40.41 
0.42 


36 
36.1 
0.1? 


36  Of 
35. 7( 
0  3C 


B.2f  37 
5.97  37.44 


46.28 
45.41 
0.87 


69.68 
68. 3f 
1  32 


73.  or 

72.5VV 
32 


2.7? 
71 
I  13 


72.1C 
.8f 
1.25 


23  70. 


64.61 
0.3  4  (■ 
1 


79  56 


i7  2? 

.21 
1  01 


42.2? 
41 
0  C'" 


54.6( 
53.41 
1.2f 

52.3/ 
51.41 
0.93 


37.02 
36.23 
0  7f 


27  34 


72  35 


0.28 


36  4.? 
36 
0.33 


10  .35 


43.43 
43.04 
0.39 


54.64 
54.18 
0.46 


44.83 
14.44 
0.39 


66.28 
65.67 
0.61 

70  3r 
69  94 
0.42 


70 
70. 0^ 
0  51 


.57.  :m 

.56.84 
0.5C 

43  84 
43. 3^ 
0  47 

54.98 
54. 4( 
0.52 

51.6! 
51.2- 
0.4: 


Clay. 


38.91 
38.3? 
0.52 


0? 
33. 7f: 
0.33 


33  sr 
^3.6: 
0  2< 


Of 
34.5^ 
0.48 


?4  7^ 

0  2r 

36.4.- 
36.0! 
0.38 


36.97 
"  If 
1.78 


48.42 
43  49 
4.93 


63.50 
55.97  56 
7.5S 


48.63 
44.88 
4.7S 


75.78 
67.72 
8  Of 

79.42 
71. 9r 
7.52 


59  76 


64 

69.62 
7.02 


69.08  77.28 
68.58  69. 7£ 
0.52  7.53 


fV3  .76  67  .22  64 
»i3.17 
0..5fl 


60  92 
0.3(J 


41  08 
.>9.1(' 
1.98 

55.58 
51 

4.27 


54.37 
50.1 
4.2! 


12-  18' 


15.30 
J4.9? 
0.31 


36. 3P 
36.21 
0.18 


\b  07  36  ir 


35  78 
0.35 


36  36 
35.74 
0.62 


37.71 
37. 4C 
0.31 


36  74 
36.41 

0.32? 


45  08 
43  88 
.20 


44. Of 
43  48 
0.5? 


.57.4.'! 
.02 
1.43 


55.7.' 
.56.2: 
0.52 


46.3C  45.50 


45.21 
1.09 


67., 58 
1  W 


73. 0( 
71  4.' 
1..5.'i 

71.83 
70.44 
1.39 

71.3! 
68.82 
1.53 


62.8: 
32 


58.37 
.53.86  65.90.57.23 
4.51 


.57.  Of 


1.10 


42. 2f 
II  4.- 

0.81 


54. !C 
41 
1.08 


9  53 


52.11 
51. i: 
l.ff 


10.64 
40  2( 
0.44 


17.48 
36.71 
0.77 

33.17 
«.0( 
0  17 

33.5.' 
33  .3.' 
0.21 


34.7; 
34.3! 
0.3( 


33.77 
«  44 
0  .33 

16.02 
43.94 
2.08 

61.2." 
57.81 
3.44 


45.04 
0.46 


69  22  67  . 57  75  .08 
70.84 
4.24 


66.  K7 
0  8f' 


71  .5f 
'1  01 
0..54 


70.25 
69.58 
0.64 


(V4.4.- 
ii3.6f 
0.82 


57.97 


0.74 


44  m 
43.57 
0 

55.51 
£4.81 
0.69 

52. S 
51.71 
0.63 


Peat 


6'     12'  18' 


.39.94 
39.55 
0.3P 


34.8; 
«  68 
0  17 


V4.9( 
M.6: 
0  27 

%.5( 
j6.27 
0.28 


M  61 
34  3,' 

0  2f 

43  41 
42  97 
0.44 


47.01 
45.08 

1.9f 


44.90  44.78 


79  67 
'5.3^ 
4  28 


71.53  76.20  73 

70.  M 
O.OT 


72  .51 
3  64 


76.88 
72.93 
4.05 


66  21 
62.99 
3.2'J 


57.78 
.55.52 
2.26 


40  44 

.39. 3» 
1.0.V 


54.81 
52.6; 
2.1! 

:3.3J 

51. 2* 
2.K 


42.26 
41. 8t) 
0  4r 

36.97 
36.8;- 
0  14 


36.7; 
J6  4  : 
0  3( 


38.1:^32. 
38.3( 
0.2( 


j6.68 
.56  18 
0.50 


44.50 
0.40 


69.9? 
69.2: 
0 

74  3:- 
73  81 
0.52 


.48 

72. 8f 
0  6? 


72.£t 
71.98 
0.62 


65.14 
64.. 5.5 

0.59 


0.75 


43.13 
42 
0 

55.41 
54.68 

0  58 

a.3( 
51.91 
0.47 


.)9  1 
24.6 
14.5 

33  5 

20  5 
13  0 

23  5 
9 

21  6 


56  .  H 
15  9( 

0.2? 

43.01 
12.67 
O.3.' 


56.  a* 
54.62 
0.4? 


44 

0.35 


40  34 


67.44 

67.  Of. 
0  38 

'1  92 
•1.5f 
0.3< 


72 

72.  W 
0.3( 

70.5! 
70.21 
0.34 


65  2r 
04  84 
0.41 


.58.17  59.21 
.57  .42  58. 8r« 


0.35 

45.85 
45.4:1 
0  1: 

56.  r/ 

56.3( 

O.Si 

52. 6( 
52.34 
0.34 


Air. 


03 
15.67 
16.36 


?9  7 
22  5 
17  2 

55.2 
14  2 
21  0 

70.6 
46.5 
24.1 


56.17 
.40 
20.77 


77.6 
>4  3 
2:{  3 

S3  0 
59.0 
24  0 


30  81 


0 
57  (» 
24.0 

80.53 
56.77 
23.76 


72  0 
48  0 
24  0 

05  0 
44.0 
21  0 

47  0 
28  0 
19  0 

61.33 
40.00 
21.33 

58.27 
36.71 
21.56 
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TABLE  82.— MONTHLY.  SEASONAL.  AND  YEARLY  MAXIMUM.  MINIMUM  AND  AMPLITl'DE  OF  TEMPER- 
ATURE OF  DIFFERENT  TYPES  OF  SOIL.  NOT  COVERED  WITH  SAND. 


1914-1915. 


Winter: 

{  Max. 

•  Dec  {  Min. 

I  Diff.. 

r  Max 

Jan  {  Min. 

I  Diff 

I  Max. 

Feb  -!  Min 

^  Diff  . 


Gravel. 


33.96,31.58  32.31  33.36  32 
53  29.20  30.99  32.76  31 
0.43'  2.38   1.32  0  60 


78  33 


38  32 


73 13«)  86  31.47  32 
32.56  30  38 
0.171  0.48 


31 
0.34 


1.86  3S 


32. 76133.01  33.13,32. 
31  43  32  41  32  80!3 1.14  32.2:) 
.331  0.60  0.33!  1.72 


13  31 


0.90 


Clay. 


38  33 


34.06  32 
.69  31.74 
0.37  1.06 


07  31  39  32  .13 
84  31.21'31. 
0.23  0.181  0.16 


13  33 
32 


40  31 


32.10  31.95  32  15  32  53  32. 
97  31  94  31.79  31.94  32  .39  31.99  31 
0.16  0.16  0.2l|  0.14 


88  31 


82,32 
.06  32 
0.76  0.24 


26  32 


02  31 


80  33.; 


08  32.49  32 
86  31.66  32 
0.22  0.83 


PMt 


Air. 


i.89  33.55  :»4.1S  35.55  28  0 
1.59  33.10  33.92  35.25  15  0 
0.45  0.26  0.30  13.0 


12  32 

84 
0.19 


0.13 


48  32.87  32 . 20  31  83  32 .47  36  2 
16,32  .62  31.56  31.65'32.35  22  5 
0.32  0.25  0.64 


03  32 


68  28.0 
32  52  12  9 
0.16  15  1 


0.181  0.12  13.7 


1  I 


I  our 


32.66132. 
31.57|32.46  32 
0.991  0.53 


99  33 


.77  32. 


00  32 


I.27i31. 

.94  30.24  31 .45  32.49i31 .42  32.46  32 
0.33  1.53 


30  32.94  32 
S.49i31. 
0.45  0.58 


0.85 


Sprinx: 
Mar 


[Max. 

I  Min. 
1  Diff.. 


37  01 
30.48 
6  53 


Apr  ... 


May 


'  Max 
Min 
1  Diff  . 

\  Max. 
.  i  Min . 
1  Diff. . 


36 
32 
4.58 


6t  36 

06  32 


29136.92  36 
90  30.50  32.07  33 
3.39I  6.42 


99 
07 
4.92 


71 
46 

0.25 


32.75  32.41 
50  31 
0.25  0.68 


73  32.: 


!.62  32 
22  32.49  33 
0.19 


68  33.57  30.73 
37  16.80 
0.2013.93 


36.81  35.28  35.28  34 

18131.24 
3.631  4.04 


33.01 
2.27 


38  35. 
32.91  31 
1.47'  3.96 


70  35 


74  32 


14  34.80  32.20  31 
71  33.31  31.36  31.43  32 


2.43  1.49 


0.93 


82  32.32  39.6 
16  20.6 
0.16  19  0 


0.39 


63  56  60.20;57.69  63.46  60.85  58. 63 ,61. 36,57. 48  53 
02  47.11  45.99  47 
14.83  11.52  15.37  9.93 


45.63  46. 45  47.34  45. 
17.93  13  75  10.35,18.08 


65.18  62  45  61.09;65.80  63.54  61.96;62.63|60.36  57 
42  49.67  51 .00  47.86  48.66  50.25  48.41  50.98 
12.78  10.09  17.94  14.88  11.71  14.221  0.38 


48 

16.76 


SmsoiwI. 


[  Max 

<  Min.. 
I  Diff  . 


f  Max 
i  Min. 
^Diff 


July 


Auc  ■ 


Max 

i  Min 
V  Diff 

;  Max 
Min 
Diff 


S:i  29  80.19 
63  .88  64  84 
19.41 i 15  35 


55.28  ^.10  51 .66  55.39  53.79  52 
41.51  42.73  43.75  41.25  42.25  43.52  41 
13.77  10.37  7.94  14.1411.54 


77.73  73.87  71.27  78.25  75.40  73.10  74.40171. 26  66 
57.61 157.90  59.84  56.73  57.35  59.01  57.07:59.93 
20  12  15.97  11.43  21.52  18.05  14.09 


n.4i 

66.18 
11.23 


76.iK)74  07i72.42  78.01  75  4873. «M 


84.41 
6:)  54 
20.87 


.55  4: 


22  59.81 
51  45 
5.71  13.93 


56  42  53.97  53.88  48 
62  47.99  44.63  44 
9.8O:  5.98 


88  46 


9.25 


.78  46.70  63  0 
38  45.15  40  1 
4.40  1.55  22.9 


LOO  59. 


47  53.09  51 
.88  43 

11.21;  7.19 


8.95 


81.91  79.45 
64.07  65 
16.84113.89 


W«  42  51  76|63. 61  59.41  60.65:62 
10.4S  12  31   8.81  18.60  14. 8.'?|1 1.19 


Seaaonal.  '  Min 
Oiff  . 


Autumn: 
Sept 

Oct 


Max 

.  i  Min . 
.  Diff 

Maj. 
.  i  Min.  , 
I  Diff.. 


70  80, 


49  20, 


00!62 
51.&5  48.94  49.75  51 
5.35  13.15 


15  57  .79  61 
69  48 
6.10  12.51 


9.40 


04  48 
85  44 


53  50. 


20  52, 

03.42.19  43.03144, 
4.17  10.34 


24  46.85  49 
33  41 

4 


7.21 


17.33jll.33 


82^73.86  70. 
72  57  82  58 
10  16.04  11.41 


19  67 


56  62 


79.80177.50  73 
73  66.42166 
17  07,11. 08|  6.36  15.51 


27  80  .54 
91  65  m 


73.57  71.84168  : 


75  59.79,63.12  64.1 


13.78  8.72;  4.' 


22  77.60,75.50  75.92  73.53|60.l 
50.89  60.60  62.44  50.86  63.16  63.1 
.33  16.91  13.06  16.06  10.37  5.1 


74  .9571  50  69  71  76.52  73  53  71.62  73 
57.44  58  85  (K).4S  .56.57  57. 8S  .59.78  58 


17.51  12  65!  9.23 


Nov. 


:  Max. 
<  Min. 
I  Diff  . 


19.95  15.65,11.84 


59  .58  50  98156  19  60.40  58. 18'57. 15  57.57  55.82i.53.86  56  71 
47  15'48  O0I49.34  ^'      "  "  " 

'12.43,  8  93  6.85 


46.17  47.14,48 
14  .23  11.04  8  .58 


55.00  54.17  56. 
57  47.01:48.83  49.57  47.21  48.55  49.79  46 


44.42  43.42  43  25  44 

.  38.20  39.00,40  15  37 
6  22,  4.42!  3.I0I  7 


59  42  .78  43 
16.38.29-;)9 
43  4.49'  3 


Yearly. 


;  Diff. . 

.  Max. 
'  Min. 
[DHf  . 


50.65  57.30l56.38  60.50  58.16  57.47  57.92'S6. 
47.60  48.63  49.98,46.63  47.77  49.36  47.60  49. 
12.05  8.67  6.39  13.87  10.39,  8.11  10.32|  6. 


.  56.70  54.86  53.76  56. 
.  45.33  46.33,47.47  44. 
.!11.371  8.53  ,  6.29|12. 




97  55.46  54. 
50  45.54;46. 
47  9.921  7. 


11.50 

72  00 
62.84 
9.16 


1.24  72.1 


44  58 
93  51 


22!55.65  62.3 
43153.71  40.7 
6.79I  1.94!21.6 


20  46. 


63  42. 


7.57 


.Z7|44.90  54.97 
42143.67.33.80 
3.85  1.23  21.17 


78  60 


.73  73.95  88 
88I57.42  60.36  62 
6.85il6.53 


8.02 


86  67 


64  .63  60  .34 
5.5114. 40 


33  65.07  72  7 
.67  49.3 
2.40:23  4 


36  74.47  80.52  75.28  71  62  77  9 
17.28164. 24  67.07  60.10  67.9 
7.19jl6.28  8.21I  2.52120.0 


70.14  74.74  70.92  68.45  73  3 


64.17  66.18  53  6 
6.75.  2  27  19.7 


!.85  70.78  76.40  71 .53  68.38  74.63 
.27  62.16  64.26160.67  63.53  65.96  53.60 
1.9710.60  6.52;15.73  8.001  2.40  21.01 


00169  .93  66  .70  71.97  69  .30  67 
02,60.48  61.36.58.12  60.01 
14.98!  9.45  5.34  13. So  9  29 


-I- 


10.56  6.99  3.29  9.50 


43.18  42 
37.78  39. 
5.40I  3 

I- 


89  4  2  34  43 
64  40  .35  :kS 
25  1.99  5 


60  54.73.53. 
95  45.19147. 
65  9.541  6. 


21  54.30  57. 
65  50.43,47. 
56  3.87  9. 

a  51  .K  54! 
28  47.71  45. 
09,  3.51  8. 


56 


6  45 


37  42^ 
03  39.44 
3.22 


6.32 


.45  72 
61.61-57. 
5.84  14.59 


76  61 


4.38 


10.27 


66  42 


75  42  35 
40  .54  37  .91 
2.21  4.44 


.12:65.84  73.8 
.17:63.52  52.6 
6.951  2.32  21.2 


73  54 
46  49 


18  52.85  61.2 
03:51.13  41  0 
5.15  1  72  20.2 


88  42.48  47.4 
82  41.42  32.1 
06,  1.06  15.3 


35  55.65  54.79)57.14  54. 
79  49.33  50.61  47.38  50. 

4.18  9.76  4. 


,63  52.86151.88.53.84  SI. 
.75,46.70,48.02  45.48  47. 
.88  6.16  3.86!  8.36  4. 


73.53.72  60.80 
Ol!S2.02:41.90 
72|  1.7018.90 

30;50.14  55.26 
11 148.76  38.SS 
19  1.3818.75 
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The  principal  facts  revealed  by  the  preceding  tables  may  be  summarized 
as  follows:  (1)  The  highest  seasonal  amplitude  occurred  in  the  summer, 
the  smallest  in  the  winter  and  an  intermediate  between  these  two  in  the 
spring  and  autumn.  The  magnitude  of  the  spring  and  fall  fluctuation 
was  about  equal  and  only  about  half  as  great  as  that  of  the  summer; 
while,  the  yearly  average  amplitude  was  equal  in  mjignitude  to  that  of 
the  spring  or  fall.  (2)  The  amplitude  of  the  air  was  far  greater  than 
that  of  any  soil  at  any  depth. 


ADDITIONAL  EXPEKI MENTAL  DATA  ON  THE  TEMPEKATUKE 
OF  JSAND  WITH  DIFFEKENT  AMOUNTS  OF  OKGANIG  MAT-  ' 
TER,  AT  VABIOUJS  DEPTHS  FOK  1913,  1914,  AND  1915. 

PLAN  OF  TUE  EXPERIMENT. 

Oi*ganic  matter  possesses  two  physical  properties  which  exert  a  very 
marked  influence  upon  soil  temperature.  These  are  color  and  water- 
holding  capacity.  The  soils  with  the  largest  amount  of  organic  matter 
will  have  the  darkest  color.  JSince  dark  color  possesses  the  highest  ab- 
sorbing capacity  for  heat  these  soils  will  tend  to  be  much  warmer,  dur- 
ing the  insolation,  than  the  light  colored  soils,  which  retlect  a  large 
amount  of  the  solar  rays.  On  tlie  other  hand,  the  soils  with  the  greatest 
organic  matter  content  will  carry  also  the  highest  amount  of  water  and 
water  possessing  such  gi-eat  specific  heat,  latent  heat  of  evaporation,  and 
other  properties,  will  tend  to  keep  the  temperature  of  these  soils  low. 

It  was  in  order  to  ascertain  to  what  extent  these  two  physical  proper- 
ties of  the  organic  matter  would  oppose  each  other  and  which  one  would 
predominate,  that  the  following  experiment  was  undertaken.  It  con- 
sisted of  measuring  the  temj)erature  of  a  soil  to  which  was  added  dif- 
ferent amounts  of  organic  matter  (peat).  It  was  prepared  by  making 
a  long  ti^nch  over  3  feet  deep  and  3  feet  wide,  placing  in  it,  about  a 
foot  apart,  wooden  boxes  3x3x3  feet  without  bottom  and  top  and  filling 
tluum  with  a  sandy  soil.  The  soils  of  the  upper  24  inches  wei'e  then  taken 
out  from  all  the  boxes,  except  one,  each  soil  was  thoroughly  mixed  with 
the  proi)er  amount  of  peat,  and  then  placed  back  into  its  respective  box. 
There  were  six  boxes,  one  containing  soil  to  which  was  added  no  peat, 
another  contained  only  peat,  and  the  other  four  had  soil  with  various 
proportions  of  peat.  The  percentage  of  total  organic  matter  of  the 
various  soils,  except  peat,  as  determined  by  the  ignition  metho<l  is  shown 
by  the  following  figures:  1.81,  2.01,  3.32,  5.47,  and  6.95%.  To  the  soil 
showing  1.81%  organic  matter  no  peat  was  added.  This  amount  of  or- 
ganic matter,  therefore,  was  originally  present  in  the  soil.  This  untreat- 
ed soil  was  covei-ed  with  a  thin  layer  of  white  quartz  sand  so  as  to  give 
it  a  distinct  white  color.  The  color  of  the  various  soils,  therefore,  ranged 
from  very  white  to  very  black. 

The  temperature  was  measured  in  all  the  soils  at  two  different  depths 
every  day  except  Sunday  for  almost  four  years.  It  was  recorded  by 
means  of  the  electric  thermometers  already  described.   During  the  years 
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of  1912,  1913,  and  1914  it  was  measured  at  the  depths  of  5  and  18  inches, 
but  during  1915,  at  3  and  6  inches.  All  the  records  were  made  three 
times  a  day,  morning,  noon  and  evening.  The  time,  however,  was  so 
chosen  and  varied  during  the  different  seasons  as  to  obtain  very  close 
the  actual  maximum  and  minimum  temperature. 

The  data  for  the  first  year  (1912)  has  been  published  in  the  previous 
report  In  the  present  paper  the  results  of  the  other  three  years  will  be 
presented. 

On  account  of  limited  space  the  daily  average,  maximum  and  minimum 
temperature  have  been  eliminated  and  only  the  monthly,  seasonal  and 
yearly  will  be  presented  here.  These  data  are  submitted  in  the  following 
pages. 


MONTHLY,  SEASONAL  AND  YEARLY  AVERAGE  TEMPERATURE  FOR  1913.  1914  AND  1915. 

TABLE  83.— MONTHLY,  SEASONAL,  AND  YEARLY  AVERAGE  TEMPERATURE  OF  SOIL  WITH  DIFFERENT 

AMOUNTS  OF  ORGANIC  MATTER. 


I.8K0 
Org.  Mat. 

2.OK0 
Org.  Mat. 

3.32<~r 

Org.  Mat. 

5.47'-; 
Org.  Mat. 

6.95% 
Org.  Mat. 

Peat. 

Air. 

1912-1913 

5' 

18' 

5* 

18' 

5' 

18' 

5' 

18* 

5' 

18' 

5' 

18* 

Winter: 
December. . 

January  

February . . . 

31.81 
30.68 
20. 19 

35.42 

33.58 
30.50 

32.87 
31.54 
26.88 

36.50 
34.46 
31.52 

32.99 
31.75 
27.10 

37.00 
34.95 
31.93 

33.25 
32.00 
27.53 

37  00 
34.95 
31.73 

33.43 
31.99 
27.48 

37.17 
35.02 
31.99 

34.18 
32  18 
28  66 

38.13 
35.71 
33.23 

31  0 
26  2 
20  (S 

Ave  

29.56 

33.17. 

30.43 

34.16 

30.61 

34.63 

30.93 

34.56 

30.97 

34.73 

31.67 

35.66 

25.73 

Spring: 

March   

April  

May  

33.94 
48.50 
60.19 

33.70 
45.04 
56.54 

34.66 
50.34 
62.08 

34.16 
45.63 
57.21 

34.73 
49.83 
62.09 

34  47 
45  73 
57.47 

34.55 
49.76 
61.98 

33.93 
45.90 

57.08 

34.32 
49.51 
61.85 

33.27 
45  29 
56  75 

32.91 
42  24 
59  38 

32  12  • 
40  09 
55  33 

31  0 
45  9 
56  2 

Ave   

47.54 

45.09 

49.03 

45.67 

48.88 

45.88 

48.^ 

45.64 

48.56 

_ 

45.10 

44.84 

42.51 

44.37 

Summer: 

June  

Julv  

Aug . .  ... 

72  65 
77.61 
75.74 

67.76 
73.86 
72.81 

74.85 
78.44 
76.86 

69.37 
75.16 
74.25 

75.43 
79.09 
77.56 

69  26 
74.67 
.  73  .69 

75.82 
7:1  17 
77  i;6 

68.67 
74.01 
73.16 

75.77 
79.10 
76.96 

68  17 
73  55 
72  77 

71.21 
75.90 
74.39 

65.03 
71  69 
71.75 

67  6 
70.8 
69  4 

Ave  

75.33 

74.81 

76.72 

72.93 

77.36 

72.54 

77.35 

71.95 

77.28 

71.50 

n.83 

61.49  : 

88.27 

Autumn: 
September, 
October. ... 
Novemlw. . 

60.9*1 
53.2.S 
42.57 



43.71 

66.96 
53.86 
43  45 

66.62  1 
56.21  ' 
45  91 

1 

67.12 
53.92  ! 
43.53  ; 

1 

65.96 
55  32 
45.03 

67.07  ' 
53  86  i 
42. S2  ! 

65.78 
55  441 
45.18 

67.15 
53.84 
43.44 

65.52 
56.20 
45.-20 

65.82 
54  01 
43.14 

65.12 
55.90 
45.11 

61.0 
50  2 
41  7 

Ave 

53.95 

55.68 

54.76 

56.25 

54.86 

55.44 

54.58 

1 

55.45 

54.81 

55.64 

54.32 

55.38 

50.97 

Yeerly  eve. . 

51.60 

52.19 

52.84 

52.25 

52.93  ! 

1 

52.13 

52.91  1 

51.90 

52.91 

51.74 

51.17 

•i 

50.n  ; 

! 

47.56 

Digitized  by 


Google 


SOIL  TEMPERATURE. 


Ill 


TABLE  83-1913-l«14.-C(W<i)M<*d. 


1913-1914 

1.81% 
Org.  Mat. 

2.01% 
Org.  Mat. 

3.32% 
Org.  Mat. 

5.47% 
Org..  Mat. 

6.95% 
Org.  Mat. 

Peat.        '  Air. 

1 

5' 

18' 

5' 

18' 

5' 

18' 

5' 

18' 

5' 

18' 

6' 

18'  ! 

1 

Winter: 
December..!  36.14 

January   33.13 

Februwy...  32.24 

1 

39.25  !  37.13 
35.33  1  34.13 
34.94  33.36 

41.42 
36.33 
35.84 

37.14 
34.18 
33.63 

40.53 
36.46 
36.10 

36.89 
34.26 
34.03 

40.72 
36.64 
36.38 

37.45 
34.21 
34.34 

41.56 
36.61 
36.50 

38.70 
34.06 
34.48 

1 

41.74  1  31.8 
36.42  27.0 
36.30  12.7 

1 

Ave      J  33.84 

38.51 

34.87 

37.86 

34.98 

37.70 

35.08 

37.91  j  35.33 

38.22 

35.75 

38.15  1  23.83 

Spring:  1 

Mar  ,  35.41 

April         1  47.26 
May  1  61.83 

36.06 
44.83 
57.06 

36.53 
47.78 
62.62 

36.72 
45.01 
57.15 

36.47 
47.60 
62.61 

37.02 
45.20 
57.43 

36.70 
47.31 
62.54 

1 

37.24  1  36.66 
44.82  [  47.00 
56.91  62.20 

1 

i- 

37.15  ,  34.72 
44.48  1  45.17 
56.52  ^59.11 

35.85  ,  31.1 
42.73  1  44.7 
54.54  '  58.6 

Ave        1  48.17 

1 

45.98 

1 

48.96  1  46.29 

48.88 

46.55 

48.85 

46.32  1  48.62 

46.05  i  48.33 

1 

44.37  1  44.80 

Summer:  ' 
June          ,  71.19 

July   76.35 

August   ...  1  72.52 

67.38 
72.15 
70.96 

: 

74.07  '  68.34 
78.03  1  72.48 
74.98  1  71.62 

74.29 
77.66 
74.37 

68.90 
72.97 
71.89 

74.66 
78.67 
74.40 

68.53  1  74.67 
72.66  !  78.71 
71.57  1  74.47 

68  .22  '  71.71 
72.42  i  75.87 
71.52  1  73.13 

1 

66.47  '  66.0 
70.70  ,  71.0 
70.78  '  68.9 

1 

Ave 

73.35 

70.16 

1 

75.88  I  70.81 

75.44 

71.25 

75.88 

1 

70.92  .  75.95 

70.72 

73.57 

88.32  68.63 

 i 

Autumn: 

Sept  

October. ... 
November. . 

63.56 
55.56 
38.98 

63.42 
56.50 
42.06 

65.26 
56.70 
40.42 

64.12 
57.26 
43.26 

64.88 
56.68 
40.32 

1 

64.37  1  65.08 

57.44  56.85 

43.45  1  40.50 

64.36  ,  65.14 
57.75  56.90 
43  .86  ,  40  .55 

1 

64.48 

57.92 
44.39 

64.36 
56.65 
41.13 

1 

r*3  96    60  3 
57.90    54  6 
44.72    37  6 

Ave 

52.70 

93.99  1  54.13 

54.88 

53.96 

55.08  54.14 

55.32  54.20 
52.62  \  53.53 

55.60 
52.65 

54.05 

56.53  '  50.83 

Yearly  Ave.. 

52.02 

51.66 

53.42  1  52.46 

53.32 

52.65  '  53.48 

52.43 

51.84  1  47.02 
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TABLE  83— 1914-1915.— Conrfiwierf. 


1914-1015 

1.81'; 

Org  Mat. 

2.  of; 

Org.  Mat. 

•3.32''; 
Org.  Mat. 

5.47<e 
Org.  Mat. 

6.959;       j       „  \  ' 
Org.  Mat.     1                    I  Air. 

3" 

6* 

3'    '  0' 

3' 

6' 

3' 

6' 

3' 

6'    I  3' 

6' 

Winter: 
December.  , 

January  

February. . . 

31.35 
30.28 
31.75 

33  35 
31  48 
32.70 

- 

o2.5-i  '  34.00 
31  53  32.52 
32.95  33.51 

33.07 
32.13 
33.12 

34  51 
33.24 
33.85 

33.47 
32.63 
33.28 

34.49 
33.27 
33.64 

34.13 
32.86 
33  29 

1 

35.05  1  34.87 
33  46  '  32  76 
33.66  32.63 

1 

35  57  1  21  6 
32  78  20.4 
32  35  29.4 

1 

Ave  

31 .13 

32.51 

i 

32.34  1  33.34 

32.77 

33.87 

33.13 

33.80 

33.43 

35.00 
54.95 
58.56 

34.06 

33.42 

33.67 

23.80 

Spring: 
May  

34.10 
55.09 
56.60 

34.71 
52.97 
.55.94 

35.18  '  35.23 
56.72  ;  53.60 
59.65  '  57:50 

34.88 
56.10 
59.02 

35.38 
58.85 
57.58 

34.90 
55.64 
58.84 

35.13 
53.12 
57.02 

35.39 
52  64 
57.96 

32.57 
49.40 
56.39 

32  11 
45.83 
53.62 

30  1 
51  6 

51.5 

Ave/ 

48.60 

47.87 

50.52    48.78  '  60.00 

1 

48.94 

49.79 

48.42 

49.50 

1 

48.06  j  46.12 

43.88 

44.40 

S&nmor: 

July  

AuKust 

67.82 
72.83 
69  43 

66.07 
71.73 
68.70 

70.00  ,  67.21  1  69.51 
75  88  .  73.30  75.43 
71.80  1  69.71  1  71.28 

67.39 
73.45 
70.07 

69.17 
75.44 
71.35 

66  76 
73.05 
69.50 

69.16 
75  11 
70.94 

65.86 
72.33 
68.91 

66.28 
72.90 
60.20 

62  25 
68.76 
66.51 

61.0 
67.9 
63.4 

Ave 

70.03 

68.83 

72.56    70.07  72.07 

1 

70.30 

71.99 

69.77 

71.74 

60.03 

66.46 

65.84 

64.10 

Autumn: 
September. . 

October  

November.. 

66.80 
52.98 
40.80 

65.89 
52.99 
42.02 

1 

68.78    66.83  ,  68.36 
54.64  1  53.63  |  54.50 
42^.41     42.60  ,  42.22 

67.07 
54.09 
42.93 

■ 

68.46 
55  05 
42.70 

66.64 
53.80 
42.89 

68  03 
54.60 
42  71 

66.06 
53.47 
42  91 

66.20 
52.81 
42.04 

63.40 
51.33 
42.24 

63.2 
51.1 
39.8 

Ave 

53.53 
50.82 

1 

53.63  1  56.28  >  54.35  i  55.03 

54.68 

1)6.40 

54.44 

55.11  1  54.15 

53.68 
50.67 

52.32 

51.37 

Yearly  ave. 

50.71     52.68    51.66  1  52.47 

1  1 

51.95 

52.58 

51.35 

1 

52.46  i  61.48 

48.91  1  45.92 

•  1 

Table  83  contains  the  monthly,  seasonal  and  yearly  average  tempera- 
ture for  the  second  year,  I)eceinl>er  1912  t<>  November  1913.  The  data 
show  that  the  temi)erature  of  all  the  soils  at  the  5-inch  depth  either  com- 
pletely or  almost  reached  the  freezing  point  in  December.  During 
January  it  remained  at  or  slightly  below  the  freezing  point.  In  February, 
however,  it  fell  several  degrees  below  this  point  and  was  lowest  in  the 
soil  to  which  was  added  no  peat,  slightly  higher  in  the  treated  soils  and 
highest  in  peat.  As  a  matter  of  fact  throughout  the  winter  months  peat 
remained  -the  warmest  followed  by  the  soils  with  an  increasing  organic 
matter  content.  The  difference,  however,  was  comparatively  very  small. 
The  temperature  at  the  18-inch  depth  of  all  the  soils  reached  the  freez- 
ing point  in,  February. 

In  March  all  the  soils  at  both  depths  had  thawed  except  peat  at  the 
18  inch  depth.  By  April,  however,  peat  also  had  completely  thawed  but 
its  temperature  was  about  T^'F  lower  than  that  of  the  other  soils  at  the 
5-iBch  depth  and  about  5°F  at  the  18-inch  depth.  By  May  iha  tempera- 
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ture  of  the  peat  approached  that  of  the  other  soils  quite  close  so 
that  the  difference  wa^  only  about  1  or  2°P  at  both  depths.  From  this 
month  on  the  various  soils  divided  themselves  into  two  distinct  groups 
as  regards  their  temperature.  The  sand  or  untreated  soil  and  the  peat 
maintained  a  low  but  almost  equal  temperature  and  the  soils  possessing 
organic  matter  in  percentages  of  2.08,  3.32,  5.47,  and  6.95  had  a  slightly 
higher  temperature  but  also  of  practically  equal  magnitude.  Thus,  in 
the  month  of  July,  when  the  highest  average  temperature  was  attained, 
the  various  soils  had  the  following  degree  of  temperature  at  the  5  and 
tS-inch  depths,  resnectivelv :  I.Sl^  orcfanic  matter  77.61°,  73.86°;  2.08% 
78.47^  75.16°;  3.32%  79.09^  74.67°;  5.47%  79.17°,  74.01°;  6.95% 
79.10^'73.55°;  and,  peat  75.90^  71.69°F.  Tn  this  month  the  difference 
in  temperature  between  the  sand  and  peat  was  greater  than  at  any  other 
month  during  the  summer  and  fall.  The  above  division  or  order  con- 
tinued, with  small  variation,  until  October,  and  then  the  magnitude  be- 
came more  or  less  equal  in  all  the  soils.  From  October  until  December, 
the  end  of  the  year,  all  the  soils  had  approximately  the  same  average 
temperature. 

The  data  for  the  third  year  or  cycle  are  contained  also  in  Table  83. 
The  results  of  this  year  reveal  exactly  the  same  principles  as  those  of 
the  second  year  just  discussed  and  consequently  need  no  detailed  con- 
sideration. 

The  results  of  the  fourth  year  are  represented  at  the  bottom  of  Table 
83.  These  records  differ  from  those  of  the  previous  years  in  that  they 
were  obtained  at  3  and  6-inch  depths  instead  of  5  and  18.  Even  then, 
however,  the  order  and  behavior  of  the  averaije  temperature  at  these 
upper  depths  asrree  with  those  of  the  lower  depths  of  the  preceding  years 
and  consequently  re\^eal  practically  the  same  principles. 

It  should  be  noted  that  the  average  air  temperature  was  lower  than 
that  of  all  the  soils  at  both  depths  every  month  in  the  year  throughout 
the  three  years. 

Tn  the  spring  all  the  soils  with  the  exception  of  peat,  thawed  at  about 
the  same  time;  peat,  however,  thawed  much  later. 

Thfs  invest iffation  goes  to  prove  then  that  soils  either  with  white  color 
and  low  moisture  content  or  with  black  color  and  high  water  content 
have  a  lower  averajre  temperature  durincr  the  sprincr  and  summer  than 
soils  nossessinc:  these  properties  in  medium  nroportion.  Tn  other  words 
the  white  color  of  a  soil  reflects  so  much  of  the  sun's  ravs  that  it  pre- 
vents the  soils  from  attaining  a  hijrh  temnerature  in  spite  of  its  Ion- 
water  content  and  small  amount  of  evaporation,  while  the  excess  of 
water  content  of  a  black  soil,  such  as  neat,  consumes  so  much  of  the  henf 
energy  in  its  evaporation  process  that  it  keeps  the  temperature  of 
the  soil  low  in  spite  of  its  black  color  and  hence  its  great  heat  absorbing 
power. 

MONTHLY,  SEASONAL.  ANP  YE^\RT>Y  MAXIMUM.  MTXTMTTM,  AND  AMPTJTTTDE  OF 

TEMPESRATTTRFJ. 

Next,  the  monthlv,  seasonal  and  vearlv  maximum,  minimum  and  ampli- 
tude of  temperature  of  the  foreffoinjr  various  soils  for  the  three  years  will 
be  considered.   These  data  are  shown  in  Tables  84,  85  and  86,  inclusive. 
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TABLE  84 —MONTHLY.  SEASONAL.  AND  YEARLY  MAXIMUM,  MINIMUM  AND  AMPUTUDE'OF  TEMPER- 
ATURE OF  SOIL  WITH  VARIOUS  AMOUNTS  OF  ORGANIC  MATTERS. 


1912-1913. 

l.SlTc      1  2.01% 
Org.  Mat.    1  Org.  Mat. 

3. 32^;;, 

Org.  Mat. 

6.47% 
Org.  Mat. 

6.96% 
Org.  Mat. 

Peat. 

Air" 

5' 

18' 

s- 

1 

18*  1  6' 

18* 

6'   i  18' 

6' 

18' 

6' 

18' 

38.1 
23.9 
14.2 

Winter: 
December. . 

Max  

Min  

Diff  

33.00 
30.57 
2.43 

35.79 
36.05 
0,74 

33.75 
31.67 
2.08 

36.8l!  33.79 
36.181  31.88 
0.631  1.91 

37.28 
36.71 
0.67 

34.03!  37.29 
32.48  36.70 
1.65^  0.69 

34.06 
32.82 
1.24 

37.44 

36.88 
0.56 

34.50 
33.80 
0.70 

38.34 
37.91 
0.43 

January — 

Max  

Min  

Diff  

31.07 
30.15 
0.92 

33.78 
33.40 
0.38 

31.87 
31.11 
0.76 

34.63'  32.01 
34.27;  31.35 
0.36|  0.66 

36.10 
34.78 
0.32 

32.28!  36.11 
31.64  34.79 
0.64'  0.32 

32.27 
31.65 
0.62 

35.17 
34.86 
0.31 

32.36 
32.00 
0.36 

35.85 
35.55 
.t0:30 

34.2 
18.2 
16.0 

[Max   

February.. ,  (  Min. . 

[Diff  

27.78 
24.14 
3  64 

30.85 
30.04 
a.  81 

28.65 
24.54 
4.11 

31.781  29.00 
31.21,  24.67 
0.67i  4.43 

32.16 
31.60 
0.47 

29.21  31.96 
25.331  31.46 
3.88  0.50 

29.21 
26.17 
4.04 

32.26 
31.75 
0.61 

29.60 
27.56 
2.04 

33.41 
33.05 
0.36 

27  9 
12.1 
15.8 

(Max  

SeMonal  . ..  \  Min  

i  Diff  . 

30.62 
28.29 
2.33 

33.47 
32.83 
0.64 

31.42 
29.11 
2.31 

34.41;  31.60 
33.891  29.27 
0.52'  2.33 

34.85 
34.39 
0.46 

31.84  34.79 
29.82  34.32 
2.02  0.47 

31.85 
29.88 
1.97 

34.96 

34.50 
0.46 

32.15 
31.12 
1.03 

35.87 
35.50 
0.37 

33.40 
18.07 
15.33 

Spring: 
Mar  1 

(Max  

Min  

Diff  

35.41 
32.42 
2.99 

34.14 

33.35 
0.79 

36.04 
33.31 
2.73 

34.51 
33.84 
0.67 

35.81 
33.64 
2.27 



34.78 
34.19 
0.69 

36.40  34.18 

33.68!  33.68 
1.72  0.50 

35.10 
33.53 
1.67 

33.47 
33.06 
0.41 

32.33 
31.91 
0.42 

33.10 
32.73 
0.87 

41.6 

20.5 
21.1 

[Max  

I  Diff  

52.86 
42.36 
'  10.60 

46.32 
44.15 
2.17 

65.20 
43.42 
11.78 



46.66 
44.86 
1.80 

54.62 
43.75 
10.87 

46.57 
46.12 
1.45 

64.62'  46.64 
44.23  45.27 
10.39  1.27 

64.26 
44.32 
9.93 

46.77 
44.78 
0.99 

43.85 
41.36 
2.60 

40.39 
39.83 
0.56 

56.6 
35.2 
21.4 

May  

(Max  

Min  

Diff  

65.64 
53.63 
12.01 

57.83 
55.65 
2.18 

67.48 
54.88 
12.60 

68.19 
56.39 
1.80 

67.64 
54.99 
12.65 

58.47 
56.67 
1.80 

67.30  67.77  |  67.28 
55.60  56.47  '  55.63 
11.70j    1.30  11.75 

67.23 
56.32 
0.91 

61.48 
58.00 
3.48 

55.44 
55.13 
0.31 

67.2 
45.1 
22.1 

SMSonal . . . 

(Max   

Mtoi  

Diff  ... 

51.30 
42.80 
8.50 

48.10 
44.38 
1.72 

52.91 
43.87 
9.04 

46.45 

45.03 
1.42 

52.89 
44.09 
8.80 

46.61 
45.33 
1.28 

52.44  46.16 
44.50  45.14 
7.94I  1.02 

52.21 
44.49 
7.72 

45.49 
44.72 
0.77 

45.88 
43.75 
■  2.14 

42.98 
42.56 
0.42 

55.13 
33.60 
21  .S3 

Summer: 
June  

[Max  

Min  

Diff  

78.36 
65.28 
13.08 

69.30 
66.70 
2.60 

81.21 
67.03 
14.18 

70.49 
68.42 
2.07 

81.96 
67.18 
14.78 

70.66 
68.18 
2.47 

82.361  69.46 
67.94  67.83 
14.42  1.63 

82.61 
67.80 
14.81 

68.62 
67.68 
1.04 

74.46 

69.28 
5.17 

65.16 
64.88 
0.28 

81.5 
53.7 
27.8 

(Max   

I  Diff  

83.29 
70.74 
12.55 

75.18 
72.87 
2.31 

84.93 
71.76 
13.17 

76.08 
74.31 

in 

85.44 
71.67 
13.77 

76.63 
73.70 
1.93 

85.43 
72.19 
13.24 

74.62 
73.31 
1.31 

86.54 
72.02 
13.62 

73.98 
73.10 
0.88 

78.94 
74.08 
4.86 

71.83 
71.64 
•  0.29 

83.0 
58.5 
24.5 

Auguat  

[  Max  ,  ,  . 

Min  

Diff  

81.53 
68.50 
13.03 

74.08 
71.73 
2.35 

83.14 
69.49 
13.65 

75.18 
73.36 
1.82 

83.57 
69.43 
14.14 

74.76 
72.73 
2.03 

83.29 
70.05 
13.24 

73.77 
72.49 
1.28 

83.30,  73.29 
69.741  72.32 
13.66  0.97 

77.30 
72.72 
4.58 

71.93 
71.53 
0.40 

81.1 
57.6 
23.5 

Seasonal . . . 

(  Max  

Min 

□Iff  

81.06 
68.17 
12.88 

72.85 
70.43 
2.42 

83.13 
69.43 
13.70 

73.92 
72.03 
1.89 

83.66 
69.43 
14.23 

73.68 
71.54 
2.14 

83.69 
70.06 
13.63 

72.62 
71.21 
1.41 

83.82!  71.96 
68.85  71.00 
13.97  0.96 

 1 — ^— 

76.90 
72.03 
4.87 

68.64 
69.32 
0.32 

81.87 
66.60 
25.27 

Autimin: 

(Max  

September..  {  Min  

I  Diff  

70.57 
60.34 
10.23 

66.10 
64.12 
1.98 

71.68 
61.35 
10.33 

67.33 
65.95 
1.38 

71.99 
61.38 
10.61 

66.79 
65.21 
1.68 

71.76 
61.72 
10.04 

t 

66.32;  71.96,  66.01 
66.251  61.66  65.13 
1.07[  10.29|  0.88 

68.28  65.28 
64.36;  64.94 
3.92|  0.34 

73.3 
48.7 
24.6 

(Max  

October  {  Min  

I  Diff  

55.73 
49.74 
6.99 

55.26 
53.73 
1.53 

66.50 
50.46 
6.04 

56.81 
55.67 
1.14 

56.51 
50.60 
6.01 

66.98 
64.74 
1.24 

56.28 
60.58 
6.70 

66.84  56.471  66.92 
64.981  50.69  56.89 
.0.86|   6.78j  1.03 

55.48:  56.10 
53.09  56.69 
2.39  0.41 

59.0 
41.5 
17.5 

Novemljer.. 

Max   

Min  . 
Diff  

44.37 
40.46 
3.91 

44.32 
43.20 
1.12 

45.12 
41.59 
3.53 

46.42|  45.16 
45.54  41.73 
0.88,  3.43 

46.54 
44.60 
0.94 

44.41 
41.37 
3.04 

46.68  45.04  46.66 
44.90'  41.97  44.89 
0.781    3.07,  0.67 

43.80 
42.56 
1.24 

45.34 
44.89 
0.45 

49.0 
34.4 
14.6 

Seasonal ... 

Max  

Min 

□Iff  

66.89 
50.18 
6.71 

55.23 
63.68 
1.55 

57.77 
51.13 
6.64 

56.85  57.89 
55.721  51.20 
I.I3I  6.68 

56.10 
54.85 
1.25 

57.48 
51.22 
6.26 

55.95  57.82>  56.16 
56.04  51.44  55.30 
0.91    6.38|  0.86 

55.85 
53.34 
2.51 

55.67 
56.17 
0.40 

60.43 
41.53 
18.90 

B7.71 
37.45 
20.28 

(Max   

Yearly  \  Min  

54.97 
47.38 
7.81 

51.91 
50.33 
1.58 

56.31 
48.92 
7.93 

52.91 
51.67 
1.24 

66.46 
48.60 
7.96 

52.81 
51.53 
1.28 

56.36 
48.90 
7.46 

52.38,  66.43  52.14 
61.43  48.921  51.38 
0.951   7.51'  0.76 

S2.70 
60.06 
2.64 

51.02 
50.88 
0.13 
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TABLE  85.- 


-MONTHLY,  SEASONAL  AND  YEARLY  MAXIMUM,  MINIMUM  AND  AMPLITUDE  OF  TEMPERr 
ATURE  OF  SOILS  WITH  VARIOUS  AMOUNTS  OF  ORGANIC  MATTER. 


1913-1914. 


1.81% 
Org.  Mat. 


2.01% 
Org.  Mat. 


5'  18' 


3.32%  '  I  5.47% 
Org.  Mat.      Org.  Mat. 


.6.95% 
Org.  Mat. 


5'  18* 


Peat 


5'  18* 


Winter: 
December 


-I 


Max. 

Min. . 
Diff.. 


37.00!  39.56 
35.26i  39.00 
1.74'  0.56 


37.85 
36.42 
1.43 


41.65 
41.23 
0.42 


37.78 
36.48 
1.30 


40.81:  37.42 
40.3ll  36.39 
0.50|  1.03 


41.16  37.97 
40.64  36.97 
0.52  1.00 


41.80 
41.34 
0.46 


38.99 
38.45 
0.54 


41.97 
41.51 
0.46 


JaDuary. 


[Max. 
.  \  Min. 
[Diff.. 


33.34  35.47 
32.931  35.20 
0.411  0.27 


34.30 
33.92 
0.38 


36.49 
36.19 
0.30 


34.34 
33.97 
0.37 


36.61,  34.52 
36.35  34.12 
0.26  0.40 


36.77 
36.53 
0.24 


34.40 
33.98 
0.42 


36.711  34.14 
36.51  33.99 
0.20l  0.15 


36.51 
36.35 
0.16 


(  Max. 
February. . .  \  Min. 

[  Diff  . 


32.431  35  10 
32.06,  34.83 
O.37I  0.27 


33.52 
33.22 
0.30 


36.02 
35.73 
0.29 


33.81 
33.50 
0.31 


36.28!  34.22 
35.97  33.91 
0.31  0.31 


36.56  34.51 
36.26  34.24 
0.30  0.27 


36.67'  34.64 
36.37  34.35 
0.30  0.29 


36.47 
36.19 
0.28 


Seasonal. 

Spring: 
March. 


Min. 
□iff. 


[Max. 
.  Min. 
Diff.. 


34.26'  36.71 
33.42  38.34 
0.84  0.37 


37.00 
33.70 
3.30 


35.22 
34.52 
0.70 


38.05  35.31 
37.72  34.65 
0.33  0.66 


37.90|  35.39 
37.54I  34.81 
0.36,  0.58 


38.16 
37.81 
0.35 


35.63  38.38 
35.06  38.07 
0.57  0.32 


36.50 
35.77 
0.73 


37.96 
35.20 
2.76 


37.03 
36.49 
0.54 


37.91 
35.20 
2.71 


37.37 
36.76 
0.61 


38.04 
35.56 
2.48 


37.48 
87.03 
0.45 


37.87 
35.63 
2.24 


35.92 
35.60 
0.32 


38.32 
38.02 
0.30 


37.35 
36.97 
0.38 


34.99 
34.55 
0.44 


35.98 
35.74 
0.24 


April. . 


Max. 

Min., 
Diff.. 


51.13 
42.11 

9.02 


46.07 
44.00 
2.07 


51.68 
43.33 

8.35 


45.77 
44.35 
1.42 


51.79 
43.28 
8.51 


45.63 
44.54 
1.09 


50.77 
43.73 
7.04 


45.32 
44.36 
0.96 


50.23  44.87 
43.87  44.14 
6.36  0.73 


46.61 
44.22 
2.39 


42.92 
42.56 
0.36 


May 


Max. 
Min. 
Diff.. 


67.53 
53.68 
13.85 


58.80 
55.92 
2.88 


68.68 
54.71 
13.97 


58.30 
56.09 
2.21 


68.63 
54.53 
14.10 


58.77 
56.38 
1.39 


68.27 
54.92 
13.35 


57.77 
56.12 
1.65 


54.96 
13.12 


57.07 
55.93 
1.14 


61.81 
57.32 
4.49 


54.75 
54.37 
0.38 


[Max. 
I  Min. 
I  Diff.. 


Summer: 
June  . . 


{  Mas. 
\  Min. , 
I  Diff. . 


51.88 
43.16 
8.73 


47.12 
45.23 
1.89 


52.77 
44.41 
8.36 


47.03  52.78 
45.64;  44.34 
1.391  8.34 


47.26 
45.89 
1.37 


52.36 
44.74 
7.62 


46.86 
45.80 
1.06 


52.06  46.43 
44.82  45.68 
7.24,  0.75 


47.80 
45.36 
2.44 


44.55 
44.22 
0.33 


76.45 
64.12 
12.33 


68.78 
66.32 
2.46 


80.37 
66.33 
14.04 


69.60 
67.33 
2.17 


80.65 
66.23 
14.42 


70.21 
67.83 


81.01 
66.67 
14.34 


69.42 
67.67 
1.75 


81.11  68 
66.79  67.60 
14.32  1.28 


74.72 
69.74 
4.98 


66.71 
66.24 
0.47 


July. 


Max 

Min. 
Diff.. 


81.73 
69.36 
12.37 


73.80 
71.06 
2.74 


84.06 
70.95 
13.11 


73.701  84.13 
71.48!  70.66 
2.221  13.47 


74.36 
71.93 
2.43 


84.72 
71.17 
13.55 


73.60 
71.76 
1.84 


84.92  73.02 
71.631  71.77 
13.291  1.25 


78.81 
74.01 
4.80 


70.84 
70.55 
0.29 


Auguat 


80.65 
68.66 
11.99 


72.17  79.83 
70.74-  68.01 
1.431  11.82 


72.89 
70.98 
1.91 


79.60 
68.33 
11.27 


72.21 
70.88 
1.33 


79.^!  72.02 
68.60  71.06 
11.181  0.96 


75.63 
71.65 


70.95 
70.61 
0.34 


81.68  71.79]  81.54  72.49  81.78 
68.65  69.851  68.30  70.25  68.72 
13.04    I.94I  13.241   2.24  13.06 


70.26 
59.22 
11.04 


65.021 
63.28 


69.91  65.33 


58.71' 


1.74  11.201 


63.47 
86 


71.74 
70.10 
1.64 


81.90' 
68.97| 


71.31 
70.14 


12.93'  1.17 


76.38 
71.80 
4 


ee.5o 
ee.i3 
0.37 


70.10  64.98 
59.21  63.68 
10.891  1.30 


I 

70.11'  64.97 

59.34I  64.02 

10.77'  0.96 


66.36 
62.92 
3.44 


64.18 
63.76 
0.42 


60.42 
52.67 
7.75 


57.911  59.94 
56.04  52.54 
1.27  7.40 


41.76  43.72'  41.76 
38  67  42.801  38.61 
3.09!    0.92'  3.15 


57.48  55.55:  57.20 


50.19  54.241  49.95 
1.31 1 


7.29 


56.79 
4B.44 
7.35 


7.25 


53.11 
51.88 
1.25 


56.71 
49.31 
7.40 


58.18 
56.69 
1.49 


6O.22I  68.22 
52.96,  67.22 
7.26'  1.00 


60.331  68.37 
53.2I1  57.48 
7.I2I  0.89 


58.19  58.10 
55.61  57.69 
2.58  0.41 


43.94  41.94  44.26 
43.031  38.98'  43.54 
O.91I    2.96,  0.71 


41.96  44.72 
39.14  44.10 
2.82,  0.62 


41.81  44.89 
40  62,  44.56 
1.29'  0.34 


55.821  57.42,  55.82 
54.40,  50.38'  54.61 
I.42I    7.04,  1.01 


57.47;  56.02 
50.56,  55.20 
6.91 1  0.82 


55.45'  55.72 
53.02{  55.33 
2.43'  0.38 


53.37  56.74,  53.15 
52.02  49.66,  52.13 
1.35    7.06'  1.02 


56.77|  53.04 
49.85'  52.27 
6.92|  0.77 


53.88'  52.02 
51.451  51.68 
2.44  0.34 
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TABLE  86.-MONTHLY.  SEASONAL.  AND  YEARLY  MAXIMUM.  MINIMUM  AND  AMPLITUDE  OF  TEMPER- 
ATURE OF  SOILS  WITH  VARIOUS  AMOUNTS  OF  ORGANIC  MATTER. 


1914-1915. 


Winter: 
IJecember . 


[Max. 

Min . 
iDiff.. 


1.81% 
Org.  Mat. 


32.21 
30.44 
1.77 


33.69 

32.98 
0.71 


2.01% 
Org.  Mat. 


33.44 
31.53 
1.91 


34.30 
.33.67 
0.63 


3.32% 
Org.  Mat. 


33.69 
32.38 
1.31 


5.47% 
Org.  Mat. 


6.95% 
Org.  Mat. 


34.79  33.97 
34.25  32.95 
0.54  1.02 


Peat. 


34  70'  ,34  44  35  20  35.03 
34  .30  33  &3  34  .91  34  .60 
0.40    0.61     0.29  0.34 


January. 


[  Max. 
.  -!  Min.  . 
IDiff.. 


30.62 
29.98 
0.04 


31.65 
31.32 
0.33 


31.78 
31.37 
0.41 


32.6.3 
32.39 
0.24 


32.39 
.32.02 
0.37 


33.34  32.77 
33.14  32.49 
0.20  0.28 


33.34 
33.20 
0.14 


32.97  33.54  32.89 
32  .79  33  40  j  32  70 
0.18    0.14  0.11 


February. 


Max 

Min.. 
Diff.. 


32.46 
30.75 
1.71 


33.05 
32.33 
0.72 


33.46 
32.23 
1.23 


33.73 
33.31 
0.42 


33.45 
32.66 
0.79 


34.06 
33.66 
0.40 


33.72 
32.70 
1.02 


33.91;  33.61 
33.36  32.93 
0.551  0 


33.91  32.76 
33.45  32.48 
0.46,  0.28 


Seasonal. 

S(>ring: 
March,  . . 


Max. 

Min. 
Diff.. 


31.76 
30.39 
V.37 


32.89 
31.71 
1.18 


33.55'  33.18 
33.12,  32.35 
0.43  0.83 


34.08  33.49 
33.68  32.71 
0.38,  0.78 


r  Max. 
I  Min. 
I  Diff.. 


April 


f  Max. 
.  Min. 
,  Diff.. 


36.71 
30.52 
6  19 


37.81 
31.71 
6.10 


37.48 

33.63 
3.85 


60.69 
45.64 
15.05 


57.83'  6;J.15 
47.081  46.41 
10.75  16.74 


58.53 
47.57 
10.96 


37.40 
32.21 
5.19 


37.48 
33.95 
3.53 


37.04 
32.86 
4.18 


62.28  58.891  61.20 
46.35  47.74  46.82 
15.93  11.15  14.38 


33.98  33.67 
33.62  33.18 
0.36  0. 


34.22 
33.92 
0.30 


36.79  37.02 
34.06  33.26 
2.73  3.76 


33.56 
33.29 
0.27 


57.74 
47.80 
9.94 


36.88  32.76 
34.49  32.38 
2.39  0.38 


60.32  56.67 
46.73  48.. 56 
13.59  8.11 


52.52 
45.64 
6.88 


May. 


Seasonal . 


1  Max. 
.  ^  Min. 
[  Diff.. 

Max 

Min 
□iff 


62.09 
47.98 
14.11 


60.32  66.09 
50.27  49.07 
10.05  17.02 


Summer: 
June. . 


f  Max. 

Min. 
i  Diff.. 


53.16 
41.38 
11.78 


74  71 

56  62 
18  09 


51.71 
43.45 
8.26 


62.46  64.99 
50.96;  48.86 
11.50,  16.13 


62.22  64.14 
50.91'  49.58 
11.31  14.56 


61.22  63.79 
51.10  49.53 
10.12  14.26 


61.06 
52.38 
8.68 


60.05 
51.38 
8.67 


55.88 
42.40 
13.28 


52.82 
44.05 
8.77 


54.89 
42.47 
12.42 


52.86|  54.13 
44.20  43.09 
8.66'  11.04 


51.921  53.71 
44.32  42.84 
7.60  10.87 


61.54  48.44 
46.14  43.13 
6.40  5.31 


July. . 


Max 
^  Min. 
1  Diff 


Auji 


f  Mux. 
{  Min. 
I  Diff. . 


79.19 
62.90 
10.29 

74  SO 

14  S7: 


71.20 
.58.  SS 

76  45' 
65.02 
11  43; 

72.82! 
62.87' 
9.95 


77.71 
.57.55 
20.16 


72.78 
59.42 
13.36 


76.90  73.061 
57.36i  59.3:i 
18.54  13.73' 


8:i  73 
64.3: 
19.36 

78.14 
61  24 
16.90 


78.79]  82.00 
65.87,  (>4.21 
12.92  18.39 


74.22  77.16 
63.47  61.15 
10.75  16.01 


75.92 
57.92 
18.00 


72.001  75.99  71.11 
59.59,  57.90  60.12 
12.41'  18.09  10.99 


78.99 
65.84 
13.15 


74.72 
63.72 
11.00 


82.26 
64.63 
17.63 


78.21 
65.82 
12.39 


76.87  73.86 
61.8li  63.71 
15.06  10.15 


81.77 
64.66 
17.11 


76.37 
61.71 
14.66 


71.09 
59.62 
11.47 


76.96  77.77 
66.36  65.77 
10.60  12.00 


72.90  73.28 
64.29  63.48 
8.61  9.80 


SMsonal . . .  <:  Min . 

(Diff. 


76.23  73.49  79.86 
59.82  62.26  61.05 
16.4ll  11.23  18.81 


75.26 
62.92 
12.34 


78.88 
60.91 
17.98 


75.59  78.35 
62.96  61.45 
12.63  16.90 


74.88  78.04 
63.04  61.42 
11.65  16.62 


73.66 
63.50 
10.07 


74.06 
62.96 
11.09 


.\utumu: 
September. , 


fMax. 

Min. 
;  Diff. . 


73.16!  70.24  75.98  71.49 
57  12  59.80  58.05  60.21 
16.04   10.44   17.93  11.28 


74.93  71.8li  74.40 
58.04  60.45;  58.92 
16.89'  11.36  15.48 


71.05:  73.64 
60.60  58 
10.45  14.84 


October . 


f  Max. 
\  Min. 
I  Diff.. 


57.03  50.00'  59.92  56.90 
40.48,  48.051  47  52  48.92 
ll.lSi    7.35  12.40  7.98 


59.11 
47.42 
11.69 


November. 


Max. 
Min.. 
Diff.. 


43.50 
37.39 
6.11 


57.57'  59.28 
49.30'  48.26 
8.27  11.02 


70.02 
61.28 
8.74 


70.21 
60.54 
9.67 


43.55  45.43  44.18  44.84  44.62  45.05  44.46  44.79 
39.97  38.69  40.44  38.72  40.77  39.47  40.94  39.55 
3.58    0.74,    3.74    6.12!    3.85!    5,58    3.52,  5.24 


67.13  58.53 
49.38  47.99 
7.75  10.54 


56.66  55.92 
49.84  48.82 
7.10 


44.38 
41.40 
2.98 


43.38 
40.55 
2 


Seasonal . 


Max. 
Min. 
□iff.. 


58.10,  56.60^  60.44  57.52  59.63 
47.00  49.47  48.09<  49.88  48.06 
11.10    7.13  12.35!    7.66  11.57 


58.001  59.58 
50.171  48. 
7.83  10.70 


57.55!  58.99 
50.31  48.78 
7.24  10.21 


57.02 
60.84 
6.18 


56.50 
49.97 

6.53 


Yeariy. 


Max. 
Min. 
Diff.. 


54.81  53.65  57.22 
44.65  46.85  45.81 
10.16    8.80  11.41 


54.79,  56.65 
47.49,  45.95 
7.30  10.70 


55.13  56.39 
47.75,  46.53 
7.38|  9.88 


54.54  56.10 
47.82  46.56 
6.72  9.54 


54.11  53.14 
48.97  47.34 
5.74  9.80 


49.60 
48.38 
1.24 
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The  chief  and  most  important  facts  revealed  by  the  preceding  tables 
iliay  be  summarized  as  follows:  (1)  The  magnitude  of  the  fluctuation 
was  very  small  in  winter  in  all  soils  and  at  all  depths.  After  the  soils 
thawed,  however,  it  began  to  increase  until  it  reached  a  maximum  in  June 
and  July  and  then  commenced  to  decrease  again  until  winter.  (2) 
At  the  18-inch  depth  the  degree  of  amplitude  was  very  small  throughout 
Ihe  year  in  all  soils  but  especially  in  peat.  At  the  3,  5  and  6-inch 
depths,  however,  it  was  very  high  and  about  the  same  during  the  sum- 
mer months  in  all  the  soils  having  various  percentages  of  organic  matter, 
but  quite  lower  in  peat.  (3)  The  minimum  temi)erature  attained  was 
highest  in  p€*at,  slightly  less  and  about  the  same  in  the  various  soils 
treated  with  peat,  and  lowest  in  the  untreated  sand.  While  the  maxi- 
mum was  greatest  and  [practically  equal  in  the  trealed  soils,  slightly 
smaller  in  the  untreated  sand,  and  still  smaller  in  i)eat,  the  variations, 
both  for  the  minimum  and  maximum  were  not  very  large.  (4)  The 
amplitude  of  the  air  tem})erature  was  considerably  higher  than  that  of 
nil  .soils  at  any  depth.  ^ 
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ADDITIONAL  EXPERIMENTAL  DATA  ON  THE  TEMPERATURE 
OF  CULTIA'ATED,  UNCULTIVATED  AND  SOD  SOIL. 

PLAN  OF  THE  BXPERIMBNT. 

A  correct  knowledge  of  the  effect  of  cultural  methods,  such  aa  cultiva- 
lion,  un cultivation  and  sod,  upon  the  soil  temperature  is  of  great  interest 
and  importance  both  from  the  scientific  as  well  as  from  the  practical 
standpoint.  The  current  information  concerning  the  effect  of  these  cul- 
tural methods  upon  soil  temperature  is  limited  and  .unsatisfactory. 
Consequently,  in  November,  1911,  at  the  time  that  the  foregoing  series 
of  experiments  were  started,  a  systematic  and  thorough  investigation  of 
this  problem  was  also  instituted.  The  research  consisted  of  measuring 
the  temperature  of  soil  under  the  above  conditions  by  means  of  thermo- 
graphs". It  was  thought  and  hoped  tliat  by  the  use  of  such  instrumenta, 
which  make  continuous  records,  very  definite  and  extremely  important 
information  would  be  procured  upon  the  subject.  Unfortunately,  how- 
ever, these  instrumenis  proved  to  be  a  failure,  as  the  bulbs  containing 
the  liquid  medium  would  always  leak  in  spite  of  many  precautionary 
measures  taken  and  the  numerous  repairs  made.  It  seems  that  the 
joints  between  the  tube  and  the  hollow  wire  would  corrode  in  the  soil 
and  allow  the  liquid  to  escape.  After  employing  these  instruments, 
seven  in  number,  three  double  and  two  single,  for  two  years  they  were 
abandoned  because  the  data  obtained  by  them  could  not  be  relied  upon. 
They  were  replaced,  however,  by  soil  mercury  thermometers  graduated 
to  0.5°F.  Only  two  years'  data  have  been  secured  by  the  latter  instru- 
ments. During  the  year  1913  the  temperature  was  measured  at  7-inch 
<le|>tli,  three  times  a  day  as  usual.  During  1915,  however,  it  was  re(*orded 
at  l\  and  0-inrh  depths.  In  Table  87  are  presented  the  monthly  maximum, 
minimum,  amplitude  and  average  temperature  of  the  soil  under  the 
various  cultural  conditions  during  the  two  years. 

It  should  be  stated  that  the  uncultivated  plat  was  kept  undistributed 
but  free  of  weeds;  the  cultivate<l  plot  was  stirred  almost  always  after 
a  rain;  the  vegetation  of  the  sod  land  consiste<l  of  alfsilfa  and  grass  and 
was  never  cut  throughout  the  four  years. 

K)btiiine(l  from  Frietz,  Baltimore,  Md. 
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TABLE  87.— MAXIMUM;  MINIMUM.  AMPLITUDE  AND  AVERAGE  TEMPERATURE  OF  UNCULTIVATED, 

CULTIVATED  AND  SOD  SOIL. 


1913. 

April. 

May. 

June. 

July. 

Max. 

Min; 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

U  nculti  v&tod 

Cultivated  

Sod  

7' 

r 

T 

49.17 
47.80 
46.55 

1 

41.39 
41.80 
43.10 

7.78 
6.00 
3.45 

45.73 
44.96 
44.81 

60.14 
59.62 
55.62 

51.85 
53.23 
52.52 

8.20 
6.30 
3.10 

56.48,73.30 
56.51172.81 
54.16:62.82 

1 

62.81 
64.38 
59.40 

10.48 
7.43 
3.33 

68.61 
68.58 
61.62 

80.36 
77.84 
68.38 

60  40 

70.22 
65.51 

10.87 
7.62 
2.87 

75.12 
73.91 
66.92 

1913. 

August. 

September. 

October. 

November. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Mat. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

30.74 
40.56 
41.77 

Diff. 

2  5^ 
2.66 
1.3f 

Ave. 

till 
11  £4 
42.46 

Uncultivftied 
Cultivated  

Sod  

V 

r 
r 

77.49 
75.82 
68.49 

67  84 
67.48 
66.04 

9.65 
8.34 
2.45 

72.80 
71.78 
67.26 

66.87 
66.50 
60.42 

59.90 
60.37 
58.53 

6.88 
6.13 
1.80 

63.67 
63.46 
50.50 

53.58 
53.66 
52.78 

40.58 
40.04 
51.31 

4.00 
3.82 
1.47 

51.72 
52.03 
52.06 

42  .-27 
43.25 
43.15 

1914-1015. 

December. 

January. 

February. 

Merch. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Max 

Min. 

Diff.  [  Ave. 

3.54133  23 
2  f 6133  f 2 
0.70  33.15 

Uncultivated  

Cultivated  

Sod  

3' 
3* 
3' 

33.09 
33.96 
35.50 

31.92 
33.26 
35.34 

1.17 
0.70 
0.25 

32.53 
33.64 
35.46 

31.51 
32.91 
34.82 

31.11 
32.59 
34.55 

0.40 
0.32 
0.27 

31.30 
32.75 
34.70 

31.83 
33.35 
33.85 

30.70 
32.40 
33.52 

1.13 
0.86 
0.33 

1 

31.34,34.83 
32.07  34.67 
33.60  33.48 

31  20 
32.11 
32.78 

April. 

May. 

June. 

July. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

• 

Max.  1  Min. 

Diff. 

Ave. 

Max. 

Min.i  Diff. 

.\vc. 

Uncultivated  

Uncultivated  

3' 
6' 

58.66 

44.90 

13.76 

53.34 

61.42 
60.38 

48.70 
50.53 

12.63 
0.85 

56.68 
56.45 

72.32156.93 
70  .S6  L'lQ  12 

15.40 
It  44 

66.55 
65.00 

78.41 
76.62 

64.07;i4.34 
66.031 10.50 

73.07 
72.32 

Cultivated  

Cultivated  

3* 

56.38 

45.55 

10.83 

52  15 

59.34 
58.53 

40.42 
51.92 

0.92 
6.61 

55  01 
55.64 

60.53 
67.84 

57.40 
50.60 

12.13 
8.24 

64.04 
64.38 

75.78 
73.86 

64  20;11.58 
66  19|  7.67 

 1  

71  33 

70.66 

Sod  

Sod  

3' 
6" 

49.48 

44.81 

4.67 

47.41 

53.88 
53.07 

50.37 
50.96 

3.51 
2.11 

52.42 
52.13 

61.13 
60.04 

57.05 
57.97 

4.08 
2.07 

.50.56 
50  07 

60.40 
67.62 

64  .08  5  .  .32 
64  67  2.05 

67  44 
66.24 

1      1  ! 

1  1 

August. 

September. 

October 

November. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

1 

Min.;  Diff. 

Ave. 

40.70 
41.78 

1 

Uncultivated  

3* 
6' 

73.12 
72.34 

60.63 
63.43 

12.49 
8.91 

68.52 
68.81 

70.44 
60.18 

58.00 
60.74 

12.44 
8.44 

65.57 

|65.81 

i 
1 

55.88 
54.00 

47.23 
40.28 

8.65 
5.62 

52.26 
52.73 

42.00 
42.01 

38.02 
40.10 

4.88 
2.72 

Cultivated  

Cultivated  

3' 

72.12 
70.73 

61.49 
64.08 

10.63 
6.65 

68.15 
67.84 

69.41 
67.91 

58.62 
61.12 

10.70 
6.79 

65.26 
65.00 

54.68 
54.52 

48.10 
60.07 

6.58 
4.45 

52.20 
52.00 

42.80 
43.37 

30.03 
41.05 

3.86 
2.32 

41.26 

I42.35 

1  

42.84 
43.01 

Sod  

Sod  

8' 
6* 

1 

67.07 
66.82 

62.52 
63.92 

4.55 

1.90 

66.34 
64.97 

04.87 
63.24 

60.17 
61.32 

4.60 
1.02 

62.02 
62.36 

63.22 
53.01 

50.38 
51.53 

2.84 
1.48 

Digitiz 

52.11 
52.32 

ed  by 

43.70 

m 

41.71 

1.09 
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Table  87  shows  (1)  tliat  the  averaire  temperature  of  the  sod  soil  at 
7  inches  depth  was  about  the  same  or  only  slightly  lower  than  that  of 
Ihe  cultivated  and  uncultivated,  during:  the  month  of  April.  From  this 
month  on,  the  sod  plot  began  to  have  decide.ly  lower  temperature  than 
the  other  plots  and  continued  to  lie  colder  until  October.  The  highest 
variation  occurred  in  June  and  July  when  the  average  temperature  of 
the  so<l  laud  w'as  about  6  or  7T  lower  than  that  of  the  bare  land.  These 
differences,  however,  commenced  to  become  smaller  in  August  and  by 
8ei>tember  they  had  practically  disappeared.  Tn  October  the  order  of 
magnitude  was  reversed,  the  sod  plot  became  warmer  than  the  other 
two  plots  and  continued  to  have  a  higher  tem^)erature  until  freezing 
and  even  during  the  winter  months.  The  data  for  the  winter  months 
for  this  year  are  not  included  in  the  above  table  on  account  of  incom- 
pleteness but  they  are  on  file  and  show  that  as  a  monthly  average  the 
temperature  of  the  sod  plot  remained  about  2°F  higher  than  that  of  the 
cultivated  and  uncultivated  plots. 

(2)  During  the  months  of  April,  May  and  June  the  average  tem- 
]>erature  of  the  uncultivated  and  cultivated  soil  was  practically  equal. 
During  July  and  August,  however,  the  uncultivated  plot  was  about  1°F 
warmer  than  the  cultivated,  but  during  September,  October,  and  Novem 
ber  and  also  during  the  winter  months  they  had  again  efjual  temperature. 

(3)  The  degree  of  amplitude  was  highest  in  the  imcultivated  plot, 
slightly  smaller  in  the  cultivated,  and  ven'  small  in  the  sod.  Thus,  for 
instance,  in  July  it  amounted  to  10.87°  in  the  uncultivated  ]dot,  7.62" 
in  the  cultivated,  and  only  2.87°F  in  the  sod. 

(i)  As  a  rule  the  uncultivated  plot  had  a  slightly  higher  maximum 
temperature  than  the  cultivated,  but  the  latter  kept  a  slightly  higher 
minimum  than  the  former.  The  magnitude  of  the  maximum  and  mini- 
mum of  the  sod  plot  w^as  practically  equal  to  that  of  the  other  plots  in 
the  early  spring  and  fall;  in  the  summer  it  was  far  below%  but  in  the 
winter  somewhat  higher. 

Table  87  contains  also  the  monthly  maximum,  minimum,  amplitude 
and  average  temperature  of  the  same  plots  during  the  year  of  1915  but  at 
different  depths— 3  and  6  inches.  The  data  in  this  table  reveal  exactly 
the  same  principles  as  the  preceding  and  consequently  need  no  further 
discussion. 

The  daily  march  of  temperature  which  is  not  included  here  on  account 
of  lack  of  snace,  indicates  (1)  that  in  the  spring  all  the  three  plots 
thawed  practically  simultaneously,  (2)  The  temperature  of  the  cultivated 
and  uncultivated  plots  would  rise  quicker  and  higher  w^henever  the  air 
temperature  rose  very  rapidly  and  suddenly  than  that  of  the  sod.  The 
converse  of  this  was  also  true.  (3)  As  between  the  cultivated  and  un- 
cultivated the  rate  of  rising  and  falling  of  temperature  was  somewhat 
similar  to  that  of  the  sod,  but  to  less  degree,  of  course. 

Tihs  investigation,  therefore,  proves  two  very  important  facts.  (1)  A 
soil  with  compacted  or  undisturbed  surface  is  only  slightly  warmer, 
about  1°F.  than  a  cultivated  soil,  and  that  is  only  in  the  summer  months 
and  possibly  in  the  spring:  in  the  fall  and  winter  months  both  soils  are 
equally  wai-m.  (2)  A  soil  covered  with  a  growing  or  dead  vegetation  has 
a  slightly  lower  temperature  in  the  spring,  considerably  lower  in  the 
summer,  but  slightly  higher  in  the  fall  and  appreciably  higher  in  the 
winter  than  the  bare  soils.   The  vegetation  cover,  therefore,  has  both  sC 
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-cooling  and  warming  effect  upon  the  soil  in  opposite  direction  to  the 
air  temperature  of  the  season. 

The  slightly  higher  temperature  of  the  uncultivated  sr>il  over  the 
cultivated  during  the  summer  and  possibly  in  the  spring,  is  due  chiefly 
to  the  dry  mulch  formed  on  the  cultivated  soil.  This  dry  mulch  fonns 
rather  p(K>r  and  imperfect  connections  with  the  lower  layers  of  the  soil 
and  the  heat  energy  which  it  receives  from  the  sun  is  not  all  conducted 
downward  rapidly  but  a  large  amount  of  it  is  allowed  to  accumulate  on 
the  surface  of  this  mulch  and  then  sonie  of  it  is  radiated  back  to  the 
atmosphere,  while  on  account  of  the  compacted  condition  and  conse- 
quently better  heat  conducting  ])ow(t  a  greater  amount  of  heat  is  propo- 
gated  to  the  lower  depths  in  the  case  of  the  uncultivated  soil  and  not  so 
much  accumuljites  at  the  surface  and  then  radiated  into  space.  These 
facts  were  experimentally  proved  by  the  following  series  of  experiments. 
The  bulbs  of  mercmy  thermometers  were  placed  one  inch  above  the  sur- 
face of  both  the  cultivated  and  uncultivated  soils.  It  was  fopnd  that  the 
thermometer  over  the  cultivated  soil  would  register  at  certain  days  about 
10°F  higher  temperature  than  that  placed  over  the  uncultivated  soil.  In 
another  experiment  the  bulbs  of  the  thermometers  were  placed  hori- 
zontally over  ,  the  surface  of  both  soils.  It  was  discovered  also  in  this 
cas^^  that  thp  surface  of  the  cultivated  soil  would  be  7  or  8°F  warmer  in 
certain  days  than  that  of  the  imcultivated. 

This  same  mulch,  however,  for  the  same  reason  that  it  reduces  some- 
what the  amount  of  heat  penetrating  the  lower  depths  during  the  insola- 
tion, diminishes  equally  well  the  quantity  of  heat  that  is  lost  during  the 
night. 

The  dry  mulch  then  tends  to  act  as  a  blanket  analogous  to  that  of 
vegetation  cover,  but  to  a  less  degree.  It  is  |KM'haps  due  to  this  mulch 
and  also  to  the  slightly  higher  moisture  content  that  the  temi)erature 
of  the  cultivated  soil  rises  or  falls  somewhat  less  rapidly  than  that  of  the 
uncultivated. 

The  cooling  and  warming  effect  of  the  cover  crop  in  both  the  wann 
and  cold  seasons  of  the  year  i-s  self-evident.  In  the  summer  time  the 
growing  cro])  keeps  the  soil  temperature  low  for  the  following  reasons: 
(1)  Practically  all  the  sun  rays  are  intercepted  by  the  growing  vegeta- 
tion so  that  the  surface  ground  is  nearly  all  shadinl  and  its  temperature 
rise  is  dependent  upon  the  wind  and  convection  currents  and  conduction, 
and  not  upon  any  diiwt  heat  al>sorption.  (2)  The  air  temperature 
around  the  plants  and  at  the  surface  of  the  soil  is  low  on  account  of  the 
great  amount  of  transpiration  and  some  evaporation  that  take  place. 
Both  of  these  i)rocesses  have,  of  course,  a  tremendous  influence  upon  the 
soi I  tern  jiera tui*e. 

In  the  cold  part  of  the  year  the  dead  or  partially  decayed  vegetation 
acts  as  a  blanket  over  the  surface  soil.  This  cover  performs  several 
functions  chief  which  are:  (1)  The  prevention  of  the  cold  currents  of 
air  from  coming  in  contact  with  the  surface  soil  and  thereby  cooling  it, 
and  (2)  the  layer  of  vegetation  is  porous  and  the  spaces  are  filled  with 
air.  This  air  being  a  very  poor  conductor  of  heat  does  not  transmit 
very  rapidly  heat  from  the  soil  to  the  air  above  and  vice  versa  and  as 
a  result  the  soil  loses  its  heat  less  rapidly  than  if  it  were  unprotected. 

It  is  through  the  vegetation  cover  that  is  afforded  probably  one  of  the 
most  efficient  and  exi)edient  means  of  preventing  extrem(^)^^pi|^<""i- 
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perature  in  the  winter  which  would  be  detrimental  to  vegetation.  A 
vegetation  cover  coupled  with  snow  certainly  forms  a  very  powerful 
soil  temperature  protector. 


EFFECT  OF  SNOW  ON  THE  SOIL  TEMPERATURE. 

From  the  theoretical  standpoint  a  layer  of  snow  ought  to  protect  the 
soil  against  very  severe  cold  weather  and  keep  its  temperature  higher 
and  steadier.  Its  effect  would  seem  to  be  analogous  to  that  of  a  vegetation 
cover.  It  ought  to  act  as  a  blanket  and  reduce  the  rapid  loss  of  heat 
firstly  by  preventing  the  convection  and  wind  currents  from  coming  in 
contact  with  the  surface  soil,  and  secondly,  on  account  of  its  poor  heat 
conductivity. 

When  the  thickness  of  the  layer  is  rather  large,  snow  is  certainly 
a  most  eflflcient  agent  in  protecting  the  soil  from  very  low  temperature. 
Observations  have  been  made  upon  the  subject  through  four  successive 
winters  and  the  results  obtained  are  exceedingly  interesting  and  of 
great  practical  importance.  Some  of  these  results  have  already  been 
published  in  the  previous  report.  In  the  present  paper  will  be  presented 
only  the  data  collected  during  the  month  of  January  1915.  The  obser- 
vations conducted  during  this  year  consisted  of  noting  the  temperature  of 
soil  at  3  inches  deep  under  the  following  conditions:  (1)  bare,  (2)  cov- 
ered with  compacted  snow,  (3)  covered  with  uncompacted  snow,  and  (4) 
covered  with  layer  of  vegetation  and  uncompacted  snow.  Table  88  con- 
tains the  daily  and  monthly  maximum,  minimum,  amplitude,  and  average 
temperature  for  the  month  of  January. 
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TABLE  88.— EFFECT  OF  SNOW  COVER  ON  SOIL  TEMPERATURE,  JANUARY,  1915. 


Daily  Maximum-Minimum. 


s 


29.8 
29.3 

29.0 
24.2 

31.9 
28.8 

32.3 
32.1 

32.3 
31.3 

29.5 
27.5 

28.6 
24.8 

31.8 
29.7 
31.4 
30.8 

30.9 
28.4 
31.8 
28.2 

31.9 
28.8 
32.0 
28.9 

30.3 
29.4 
31.0 
29.8 

30.3 
28.7 
29.0 
25.2 

24.7 
20.0 
27.40 
22.9 

27.2 
20.2 
26.5 
18.0 

25.1 
17.8 
23.7 
18.8 

20.0 
14.5 
21.2 
7.5 


28.79 
24.95 
3.84 


I 


30.9 
30.7 

30.2 
29.1 

31.4 
30.8 

32.0 
31.8 

32.3 
32.3 

32.3 
32.1 

31.5 
31.2 

31.9 
31.2 
32.0 
3.18 

31.6 
31.0 
31.8 
31.0 

31.9 
31.1 
32.1 
31.0 

31.3 
30.9 
31.4 


30.9 
29.9 
30.2 
29.4 


28.3 
29.4 
28.4 

28.2 
26.6 
26.9 
25.7 

25.8 
23.0 
23.0 
22.0 

22.3 
20.8 
21.1 
15.6 


29.66 
28.66 
0.98 


i 
I 


31.7 
31.5 

31.8 
31.5 

32.0 
31.7 

32.0 
32.0 

32.0 
32.0 

32.1 
32.0 

32.0 
31.8 

32.2 
32.0 
32.0 
31.9 

32.0 
31.8 
32.1 
31.0 

32.3 
31.9 
32.2 
31.9 

31.8 
31.5 
32  0 
31.6 

32.0 
31.5 
31.7 
31.0 

31.2 
31.1 
31.4 
31.0 

31.2 
30.6 
31.0 
30.2 

30.6 
29.9 
29.9 
29.4 

29.6 
29.0 
28.8 
27.0 


35.4 
35.2 

35.5 
35.3 

35.7 
35.4 

35.7 
35.5 

35.3 
35.2 

35.4 
35.2 

35.4 
35.1 

35.5 
35.4 
35.4 
35.2 

35.3 
35.2 
35.6 
35.2 

35.5 
35.2 
35.3 
35.3 

35.0 
34.9 
35.1 
34.9 

35.2 
35.0 
35.0 
34.7 

34.7 
34.4 
34.3 
34.0 

33.7 
33.4 
33.8 


33.5 
33.0 
33.3 
32.8 

33.0 
32.5 
32.8 
32.3 


31.511  34.82 
31.11!  34.55 
0.40i  0.27 


27. 


Ave. 


Daily  Arengc 


29.60 
27.37 
30.60 
32.20 

31.83 

28.70 

27.07 

30.90 
31.03 

30.03 
30.47 

30.77 
30.77 

29.90 
30.27 

28.50 
26.73 

22.20 
25.63 

24.50 
22.93 

22.03 
20.83 

17.10 
16.27 


27.13 


30.80 
29.73 
31.20 
31.93 

32.30 

32.20 

31.30 

31.63 
31.87 

31.33 
31.53 

31.63 
31.63 

31.13 
31.10 

30.40 
29.67 

28.60 
28.83 

27.57 
26.30 

24.77 
22.67 

21.37 
18.37 


29.20 


31.60 
31.67 
31.87 
32.00 

32.00 

32.03 

31.87 

32.07 
31.97 

31.93 
32.00 

32.07 
32.03 

31.60 
31.77 

31.75 
31.37 

31.10 
31.13 

30.93 
30.53 

30.33 
29.57 

29.20 
27.90 


31.30 


35.30 
35.37 
35.93 
35.63 

35.27 

35.30 

35.27 

35.43 
35.30 

35.27 
35.40 

35.37 
35.30 

34.97 
35.00 

35.10 
34.87 

34.57 
34.17 

33.53 
33.47 

33.23 
33.00 

32.73 
32.60 


34.70 


§ 

i 


26 
33 
41 
39 

34 

26 

23 

36 
33 

33 
36 

35 
41 

26 
27 


14 

30 

27 
23 

25 
10 

13 
18 


27.96 
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From  an  examination  of  the  above  table  it  will  lie  seen  that  as  a 
monthly  caverage  the  soils  covered  with  snow  had  a  higher  temperature 
than  the  bare.  Indeed,  the  soil  covered  with  the  uncompacted  snow  and 
layer  of  vegetation  did  not  freeze  and  its  temjieratnre  was  about  7°F 
higher  than  that  of  the  bare,  while  the  plots  with  the  compacted  and  un- 
compacted snow  were  about  2  and  4°P  warmer,  respectively. 

The  daily  records  show  that  whenever  the  air  temperature  fell  very  low 
that  of  the  bare  soil  also  would  go  down  many  degrees  lower  than  that 
of  the  other  soils.  Thus,  for  instance,  on  January  30,  which  wa^  a  cold 
day  the  average  temperature  ranged  as  follows  in  the  various  plots:  bare 
16.'27°,  compacted  18.87°,  uncompacted  27.00°,  and  uncompacted  with 
vegetation  32.60°F.  While  the  minimum  temperature  for  the  same  day 
ran  as  follows:  bare  7.5°,  compacted  15.60°,  uncompacted  27.0°,  and  un- 
compacted with  vegetation  32.2°F.  The  influence,  therefeore,  of  snow 
upon  soil  temperature  in  the  winter  is  very  great. 


EFFECT  OF  TOPCXJRArillO  lX)fSlT10N  ON  SOIL  TEMPER ATUKE. 

Ccmsiderable  is  alre^idy  known  concerning  the  effect  of  topographic 
position  on  soil  temperature.  Since,  however,  it  was  resolved  to  in- 
vestigate the  general  subject  of  soil  temperature  as  systematically  and 
thoroughly  as  possible  in  order  to  arrive  at  definite  and  safe  conclu- 
sions, a  study  of  this  phase  was  also  conducted.  This  part  of  the  in- 
vestigation consisted  in  making  obsen^ations  on  soil  temperature-  at 
various  topogray)hic  pofiitions,  namely,  at  a  south  slope,  north  slope,  to]> 
of  a  hill,  at  a  river  bank,  and  at  a  low  land.  All  these  points  were  lo- 
cated within  a  small  area.  The  river  was  situated  between  the  north  and 
south  slo])e.  The  altitude  and  angle  of  these  slopes  were  of  medium 
magnitude.  The  altitude  of  the  hill,  which  was  the  top  of  the  north 
slo|>e  was  also  comparatively  small.  The  soil  of  the  low  land  was  muck, 
that  of  the  other  locations  was  a  sandy  loam.  The  temperature  was  re- 
corded three  times  a  djiy,  daily  except  Sunday,  at  3  inches  depth,  by 
means  of  soil  mercury  thermometers.  The  surface  of  all  these  soils  was 
kept  free  from  vegetation.  The  data  obtained  from  this  series  of  ob- 
servations are  presented  in  Table  80.  On  account  of  limited  space  only 
the  monthly  maximum,  minimum,  amplitude  and  average  temperature 
are  given. 
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TABLE  89.-MONTHLY,  MAXIMUM,  MINIMUM.  AMPLITUDE  AND  AVERAGE  TEMPERATURE  OF  ROIL  AT 

VARIOUS  TOPOGRAPHIC  POSITIONS. 


March. 

April. 

May. 

1015. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

South  Slope  

40.15 

34.84 

5.31 

37.24 

56.89 

47.29 

9.60 

52.32 

61.28 

52.78 

8.50 

57.42 

River  Bank  

34.02 

33.02 

1.00 

33.44 

49.99 

45.27 

4.72 

47.33 

54.75 

49.82 

4.93 

52.42 

North  Slope  

37.28 

33.88 

3.40 

35.30 

55  00 

46.64 

8.36 

50.93 

58.44 

51.44 

7.00 

55.11 

High  Point  

36.89 

33  81 

3.08 

35.29 

53.71 

45.36 

8.35 

50.14 

58.77 

50.80 

7.07 

55.10 

Low  land  

34.33 

33.51 

0.82 

33.91 

47.28 

45.25 

2.03 

46.24 

54.82 

52.27 

53.60 

June. 

July. 

AuiBiust. 

1015. 

Max. 

Min. 

Uilf. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Mm. 

Diff. 

Ave. 

South  Slope  

73.18 

59  44 

13.74 

67.27 

70.10 

66.67 

12.43 

73.89 

73.67 

62.35 

11.32 

69.28 

RivCT  Bank  

62  82 

56.18 

6.64 

50.02 

69.06 

63.77 

5.20 

66.84 

65.30 

60.62 

4.68 

63.36 

North  Slope  

70.86 

59.21 

11.65 

65.82 

75.77 

66  11 

0.66 

71.78 

71.37 

62.65 

8.72 

68.00 

High  Point  

72.38 

58.73 

13.65 

66.44 

76.f,9 

65.82 

10.77 

72.24 

72.78 

61.55 

11.23 

67.02 

67.45 

58.85 

8.60 

63.64 

74.11 

66.28 

7.83 

70.50 

73.26 

63.56 

0.70 

60.41 

Scptemlxn*. 

October. 

November. 

1915. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

So  ith  Slope  

60.06 

58.44 

11.52 

65.41 

56.53 

46.83 

9.70 

52.37 

43.54 

38.50 

4.05 

41  44 

63.10 

59.90 

3  20 

60. 5S 

54.85 

47.35 

7.50 

51.82 

43.56 

38.09 

4.57 

41.26 

North  Slope  

69.00 

58.53 

10.47 

6-1.94 

57.10 

47.32 

9.78 

52.86 

43.67 

38.63 

5.04 

41.56 

Hinh  Point  

60.70 

57.50 

12.20 

64.60 

.54.77 

46.08 

8.69 

51.07 

43.60 

38.31 

5.38 

41.06 

Low  land  

60.60 

50.96 

0.64 

65.56 

53.62 

47.34 

6.28 

50.90 

41.70 

38,11 

3.50 

40.02 

• 

*  An  inspecition  of  the  foregoing  table  shows  that  from  March  up  to 
about  September  the  average  temjKirature  of  the  south  slope  was  about 
2°F  higher  than  that  of  tlie  north  and  top  hill,  about  5  or  6°F  than  that 
of  the  nver  bank,  and  about  4  or  5°F  than  that  of  the  muck  up  to  June. 
From  October  on  all  the  different  locations  had  practically  the  same 
magnitude  of  temperature.  As  a  rule,  the  greatest  am]>litude  occurred 
in  the  south  and  north  slope  and  high  point,  and  the  smallest  in  the  river 
hank  and  low  land  or  muck. 

The  daily  records  show  that  the  temperature  of  the  south  slo])e  would 
be^n  to  rise  earlier  and  faster  in  the  morning  during  the  spring  months 
than  that  of  the  north.   The  reason  for  tliis  is  obvious. 

The  marked  influence  of  the  slant  of  the  surface  with  respect  to  the 
position  of  the  sun  on  the  soil  temperature  is  even  manifested  on  a  culti- 
vate<l  soil  with  a  vei-y  rough  and  uneven  surface.  Observations  made 
upon  this  point  have  yielded  some  exceedingly  interesting  and  surprising 
results.  Thus,  for  instance,  it  was  found  that  that  side  of  the  lumps 
which  faced  the  sun  in  the  morning  would  possess  as  much  as  5°F  higher 
temperature  than  that  side  which  was  shaded.  Even  greater  differences 
than  these  were  obtained  between  the  shadc^d  and  unshaded  sides  of  a 
dead  furrow.  If  the  soil  was  sandy,  the  side  facing  the  sun  would  thaw 
almost  completely  and  its  temperature  would  rise  several  degrees  above 
the  freezing  point  before  the  opposite  side  began  *^.f_.^^^QoOQle 
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EFFIGGT  OP  UNDKRHEATING  ON  THE  SOIL  TEMPER ATURE 
DURING  THE  WINTER. 

It  is  a  very  general  observation  that  the  surface  of  a  soil  which  is 
traversed  underneath  hy  a  steam  heat  pipe  is  kept  free  from  snow  during 
the  winter,  and  in  the  spring  its  vegetation  commences  to  grow  much 
earlier  than  that  of  the  adjacent  soil  only  a  short  distance  away.  The 
logical  inference  of  these  obsen^ations  is  that  heat  escapes  from  the 
steam  heat  pipe  which  keeps  the  surrounding  soil  warm. 

In  the  winter  of  1915  it  was  decided  to  undertake  a  series  of  observa- 
tions to  detennine  (1)  to  what  extent  the  heat  lost  from  a  steam  heat 
pipe,  in  the  College  Campus,  keeps  the  soil  immediately  above  warm,  and 
(2)  how  far  distant  from  the  pipe  the  influence  of  the  heat  escaping  will 
be  felt.  To  obtain  this  information  soil  mercury  thermometers  were 
placed  3  inches  deep,  immediately  over  the  pipe  and  at  various  distances 
apart,  up  to  10  feet,  and  temperature  observations  were  made  three 
tinis  a  day  throughout  the  winter.  The  pipe  ran  from  one  building  into 
another  and  w^as  very  long,  buried  a  little  over  a  foot  into  the  ground,  and 
was  very  well  insulated  Jby  asbestos,  cement,  etc.  The  data  obtained 
from  December  up  to  and  including  April  are  presented  in  Table  90. 


TABLE  90.-EFFECT  OF  UNDKRHEATING  ON  SOU.  TEMPERATURE  IN  THE  WINTER. 


December. 

January. 

Fcljruary. 

1914-1015. 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

■ 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

0'...;.  

52.70 

51.51 

1.19 

62.15 

60  35 

57.46 

2.89 

58.82 

68.04 

• 

63.68 

4.36 

65.88 

2'  

45.06 

43.63 

1.43 

44.35 

47.51 

45.60 

1.91 

46  69 

50.62 

47.57 

3.05 

49.20 

A'  

38.01 

36  90 

1.11 

37.41 

38  17 

37.  W) 

1.12 

37.68 

40.05 

37.88 

2.17 

-39.04 

5'  

35.60- 

34.79 

0.81 

35.13 

35.64 

34.75 

0.89 

35  20 

36.78 

35.35 

1.43 

36.04 

6'  

34.08 

33.22 

0.86 

33.62 

33.54 

32.86 

0.68 

33.20 

34.83 

33.67 

1.16 

34.23 

r  

8'  

33.43 

32.63 

0.80 

33.03 

32.61 



32.04 

0.57 

32.36 

33.90 

32.86 

1.04 

33.38 

9'  

1 

1 

1  1 

1 

March. 

April. 

ioi^_ii; 

Max. 

Min. 

Diff. 

Ave. 

Max. 

Min. 

Diff. 

Ave. 

0'  

99.02 

91.90 

7.12 

96.02 

83.87 

72  96 



10.91 



79.65 

2'  

71.23 

65.48 

5.75 

68.79 

75.87 

66.70 

9.17 

72  40 

4'  

52.72 

46.47 

6.25 

•50.09 

67.43 

59.02 

8.41 

64.30 

5'  

42  94 

38.21 

4.73 

40.67 

61.77 

53.33 

8.44 

58.39 

6'  

42.83 

37.62 

5.21 

40.55 

59  24 

50.68 

9.56 

55.59 

7'  

40.74 

35.95 

4.79 

38.52 

56.24 

46.60 

9.64 

52.28 

8'  

39.38 

35.24 

4.14 

37.20 

55.95 

45.90 

10.05 

51.93 

9'  

38.15 

34  17 

3.98 

36.14 

55.45 

45.33 

10.12 

51.39 

Tlie  winter  of  1915  was  very  cold,  but  in  spite  of  that  the  heat  escaped 
from  the  steam  heat  pipe  kept  the  temperature  of  Ihe  soil  immediately 
above  very  high,  from  50  to  65°F,  and  even  prevented  the  soil  7  feet 
away  from  freezing.   Indeed,  even  at  a  distnce  of  10  %feeSbp(S4)dwl€ 
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perature  was  perceptibly  influenced.  Since  the  heat  traveled  in  both 
opposite  directions,  then  a  lateral  path  of  20  feet  was  kept  warm,  but 
the  degree  of  warmth,  of  course,  decreased  inversely  with  the  distance. 

As  already  stated,  these  temperature  records  were  taken  at  3-inch 
depth.  At  a  lower  depth,  the  magnitude  of  temperature  would  be  greater 
at  the  resi)ective  distances. 

It  will  be  readily  realized  that  the  foregoing  data  are  of  considerable 
practical  importance. 


CONCLUSIONS. 

The  soil  temperature  has  been  studied  at  this  Station  for  four  years. 
The  results  of  the  investigation  for  the  first  year  have  already  been  pub- 
lished in  a  previous  report.  In  the  present  report  there  are  presented 
the  data  obtained  in  the  following  three  years  and  the  general  conclusion 
th.at  might  l>e  deducted  from  the  entire  investigation. 

The  number  of  factors  influencing  the  temperature  of  soil  is  very  great. 
These  factors  may  be  divided  into  two  main  groups,  (1)  the  intnnsic, 
and  (2)  the  exteimal.  The  intrinsic  factors  are  those  contained  by  the 
soil  and  include  the  specific  heat,  heat  conductivity,  radiation,  water 
content,  evaporation  of  water,  concentration  of  soil  solution,  topographic 
position,  condition  of  surface,  etc.  The  external  factoi's  comprise  the 
metereological  elements  and  include  the  air  temperature,  sunshine,  wind 
velocity,  barometric  j)i'essui*e,  rainfall,  etc.  The  temperature  of  soil, 
thei-efore,  is  controlled  by  and  is  the  resultant  of  these  intrinsic  and  ex- 
ternal factors.  Part  of  these  factors  of  both  groups  favor  a  high  soil 
temperature  and  \yavt  a  low,  and  whichever  class  pre<lominates  de- 
tenu ines  the  degree  of  soil  temperature  at  any  time. 

The  intrinsic  factoi's  play  a  passive  and  the  external  an  active  role.  In 
other  words  the  intrinsic  factors  tend  to  remain  passive  but  are  acted 
ui)on  by  the  external  factors.  Hence,  the  degree  of  soil  temperature  is 
almost  wholly  controlled  by  the  external  factors  and  especially  the  air 
temperature,  but  modified  by  the  intrinsic  factors.  Inequality  in  tem- 
j)erature,  therefore,  in  the  different  kinds  of  soil  during  the  same  day  will 
depend  upon  the  intrinsic  factors  but  variation  in  temperature  in  any 
soil  in  succeeding  days  or  seasons  will  depend  U|K>n  the  external  factors. 

All  soils  possess  practically  the  same  intrinsic  factors  but  in  different 
degree.  Witness,  for  example,  the  great  disproportionality  between  sand 
and  peat.  Indeed  these  soils  possess  most  of  the  intrinsic  factors  in 
opi>osite  degree.  Thus  for  example,  peat  has  black  color,  low  heat 
conductivity,  a  high  water-holding  capacity,  etc.  These  same  properties 
exist  in  sand  in  almost  exactly  the  o[)posite  degree.  Hence  a  law  of  com- 
])ensation  intervenes. 

This  unparallelism  of  the  various  intrinsic  factors  in  the  different 
kinds  of  soil  tends  to  give  the  latter  an  equal  degree  of  average  tem- 
perature. In  other  words  each  type  of  soil  possesses  the  various  intrin- 
sic factors  in  a  compensating  or  neutralizing  degree  and  consequently 
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they  all  tend  to  have  the  same  average  temperature  under  the  same 
meteorological  elements. 

In  excessive  degree,  however,  certain  of  the  intrinsic  factors  predomi- 
nate and  cause  a  variation  in  the  temperature  of  the  diverse  classes  of 
soil.  The  factors  which  are  almost  always  responsible  for  differences  in 
temj)orature  that  may  exist  in  the  difl'erent  kinds  of  soil  are  the  follow- 
ing: (1)  latent  heat  of  fusion  of  ice,  (2)  latent  heat  of  evaporation  of 
water,  (3)  a  covering  of  the  surface  soil,  (4)  color,  and  (5)  topogrjiphic 
l)osition.  All  these  factors  are  able  to  exert  either  an  ephemeral  or  last- 
ing predominant  effect  upon  the  temi>erature  of  the  soil  which  i)0ssesses 
them. 

The  line  of  thought  thus  far  developed  is  supported  by  the  results  ob- 
tained from  the  various  exi)eriments  conducted  under  natural  conditions. 

The  field  studies  on  the  temperature  of  different  types  of  soil,  namely, 
gravel,  sand,  humus  loam,  clay,  and  peat  at  6,  12  and  18-inch  depths, 
showed  that  when  the  surface  of  all  these  soils  was  covered  with  a  thin 
layer  of  sand  they  had  almost  exactly  the  same  average  temperature 
throughout  the  year  except  during  a  short  i)eriod  in  the  spring  when 
thawing  was  taking  place. 

Thawing  would  usually  commence  about  the  end  of  March  or  beginning 
of  April.  The  sand  and  gravel  would  thaw  completely  first,  followed 
by  clay  and  loam,  one  or  two  days  later,  and  peat  ten  or  fifteen  days 
later.  Immediately  u[>on  complete  thawing  the  average  temi)erature  of 
the  mineral  soils  would  rise  rapidly  and  ai)pr()ach  the  same  magnitude  in 
about  three  or  four  days.  ISIeantime  the  average  temperature  of  the 
j>e<at  would  be  far, below,  on  account  of  the  slow  rate  of  thawing.  As 
smm,  however,  as  it  was  also  completely  thawed  its  temi)erature  would 
rise  very  rapidly  and  would  approach,  in  a  few  days,  that  of  the  mineral 
soils.  The  average  temj>erature  then  of  all  the  soils  would  be  I'emarkably 
the  same  fi*om  this  ijeriod  on  throughout  the  summer,  fall  and  winter 
mcmths  unlil  the  next  thawing  period. 

During  the  summer  months  the  peat  would  have  a  monthly  average 
temperature  of  a  few  tenths  of  a  degree  higher  than  the  mineral  soils.  In 
the  fall,  however,  the  sand  and  gravel  would  •])ossess  a  slightly  higher 
monthly  average  temperature  than  the  peat. 

Whenever  rapid  and  sudden  changes  of  air  temperature  occurred  the 
sand  and  gravel  would  warm  and  cool  the  fastest,  followed  by  clay,  loam 
and  i)eat,  respectively.  The  equilibrium  or  equality,  however,  would 
quickly  be  reestablished. 

The  degree  of  anij>litude  was  greatest  in  sand  aiid  gravel,  somewhat 
smaller  in  loam  and  clay,  and  least  in  i)eat.  The  highest  fluctuation 
occurred  in  summer  and  the  lowest  in  winter. 

The  maximum  temperature  was  approximately  the  same  for  all  types 
of  soil,  after  complete  thawing  had  taken  place,  but  the  minimum  varied 
somewhat;  it  was  lowest  in  sand  and  gravel,  slightly  higher  in  clay  and 
loam,  and  highest  in  peat.  Even  during  the  \n'nter,  the  minimum  varied 
(mly  slightly  in  the  different  soils.  During  a  sudden  severe  cold  weather, 
however,  the  minimum  of  the  sand  and  gravel  would  fall  appreciably 
lower  than  that  of  the  peat,  but  the  differences  would  not  be  very  great. 

The  e<iuality  of  average  lemperature  in  the  diverse  classes  of  soil, 
therefore,  was  not  made  up  of  extreme  variation  in  the  maximum  and 
minimum  teiniHu*ature  between  them,  i.  e.,  a  very  high  maximum  and 
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low  niiniiinitn  in  one  soil  and  a  low  niaxinnnn  and  high  niiuimum  in 
another. 

The  unifonnity  of  average  tenij)erature  throughout  the  year  except 
during  the  short  j)eriod  in  the  spring  when  thawing  was  taking  place, 
of  the  different  t.v|>es  of  soil  when  their  surface  was  covered  with  a  thin 
layer  of  sand,  is  really  remarkable.  It  shows  that  there  was  only  one 
intrinsic  factor,  the  heat  of  fusion  of  ice,  which  predominated  and  caused 
a  variation  in  their  average  temperature  and  esi)ecially  between  sand  or 
gravel  and  peat.  All  the  other  intrinsic  factors  existed  in  such  a  com- 
pensating degree  and  order  in  these  different  kinds  of  soil  that  they 
(Wised  and  maintained  in  them  an  equal  magnitude  of  temperature,  after 
complete  thawing  took  place. 

When  these  same  types  of  soil,  however,  were  not  covered  with  a  thin 
layer  of  sand  but  their  natural  surface  was  allowed  to  lye  exposed  to 
the  atmosphere  somewhat  different  results  were  obtained.  Their  average 
temperature,  inst«id  of  l)eing  e<pial  throughout  the  year  except  during 
the  process  of  thawing,  was  about  the  same  only  during  the  fall  and 
winter  months,  but  varied  somewhat  during  the  spring  and  summer 
months.  During  the  latter  seasons  the  sand  and  gravel  would  have  the 
highest  average  temi}erature,  the  clay  and  loam  slightly  lower,  and  peat 
the  lowest.  The  difference,  however,  between  the  mineral  soils  was  com- 
parativly  small,  but  the  variation  between  the  sand  or  gravel  and  peat 
was  quite  appreciable,  especially  in  the  early  spring  when  thawing  was 
taking  place.  By  the  commencement  of  fall,  however,  these  differences 
would  disappear  and  all  the  soils  then  would  have  the  same  magnitude 
of  average  temperature,  and  would  continue  to  be  equally  warm  imtil 
the  next  thawing  period,  in  almost  exactly  the  same  way  as  when  they 
were  covered  with  the  thin  Layer  of  sand.  In  the  spring  the  peat  would 
not  thaw  and  its  temperature  would  not  approach  that  of  the  mineral 
soils  after  complete  tliawing,  as  rapidly  as  when  its  surface  was  cov- 
ered with  the  thin  layer  of  sand. 

Resides  the  average  temperature  the  order  of  the  maximum  and  mini- 
mum temperature  also  differed  in  the  various  types  of  soil  under  the 
two  surface  conditions.  As  previously  stated  when  the  surface  of  these 
soils  was  covered  with  a  thin  layer  of  sand  their  maximum  temi3erature 
was  approximately  the  same  in  all  of  them,  but  the  minimum  varied 
somewhat;  the  sand  and  gravel  would  usually  be  the  coldest  in  the 
morning  followed  by  clay,  loam  and  peat,  respectively.  But  when  their 
surfect  was  not  covered,  this  order  of  the  maximum  and  minimum 
temperature  was  just  reversed. 

The  inequality  in  average  temperature  during  the  spring  months,  after 
complete  thawing  had  taken  place,  and  also  during  the  summer  months, 
of  the  different  types  of  soil  when  their  natural  surface  was  allowed  to 
be  exposed  to  the  atmosphere,  indicates  that  there  was  one  intrinsic 
factor,  the  heat  of  evaporation  of  water,  which  ]>redominated  and  caused 
the  variation.  The  clay  and  loam,  and  especially  the  peat  having  a 
greater  percentage  of  water  than  the  sand  and  gravel,  lost  more  water 
by  evaporati<m  than  the  latter  and  consequently  their  average  tempera- 
ture was  kept  correspondingly  lower.  When  the  surface  of  all  the  soils, 
however,  was  covered  with  the  thin  layer  of  sand,  the  excessive  evapora- 
tion of  the  clay,  loam  and  peat  was  reduced  and  cons^uentlv  their 
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average  temperature  was  raised  to  the  same  magnitude  as  that  of  the 
sand  and  gravel. 

There  are  good  reasons  to  believe,  that  a  cover  of  growing  vegetation 
would  cause  identical  equality  of  average  temperature  in  the  diverse 
types  of  soil  as  the  cover  of  sand.  Hence,  variations  in  temperature  that 
are  observed  in  these  soils  in  bare  condition,  may  not  exist  when  they 
are  under  crops,  i.  e.,  after  complete  thawing  has  taken  place. 

The  remarkably  even  magnitude  of  average  temperature  of  the  different 
types  of  soil,  both  when  their  surface  was  covered  and  uncovered,  in  the 
fall  and  winter  months,  is  of  the  greatest  interest.  It  shows  that  there 
was  no  one  single  factor  during  these  seasons,  not  even  the  specific  heat 
of  water,  which  had  a  predominant  and  controlling  influence  in  causing 
these  various  soils  to  cool  differently  and  be  unequally  warm. 

The  rapidity  with  which  the  clay  and  loam  thawed  and  the  rise  of 
their  temperature  to  the  same  degree  as  that  of  sand  and  gravel  in  such 
a  short  time,  both  when  their  surface  was  covered  and  not  covered  with 
sand,  contradicts  the  exaggerated  general  belief  that  these  soils  possess 
a  greatly  lower  temperature  during  the  spring  and  therefore  should  be 
classed  as  cold  soils.  This  last  term,  however,  may  be  justly  applied 
to  peat,  especially  when  it  is  not  covered  with  sand. 

There  was  some  heat  coming  to  the  surface  during  the  winter  from  the 
lower  and  warmer  depths  which  tended  to  keep  the  temperature  of  the 
upper  depths  higher,  and  aided  in  the  thawing  and  raising  the  tempera- 
ture in  the  spring.  The  average  air  temperature  was  lower  than  that  of 
any  soil  at  the  2,  4,  6,  12  and  18-inch  depths,  throughout  the  year.  The 
amplitude  of  the  air  temperature,  however,  was  far  greater  than  that  of 
all  the  soils  at  any  of  the  above  depths,  also  throughout  the  year. 

The  maximum  temperature  of  all  the  soils  at  one  quarter  of  an  inch 
depth  was  about  30° F  higher  during  hot  and  clear  days  than  that  of  the 
air  at  an  elevation  of  four  feet. 

The  minimum  temperature  of  all  the  soils  except  peat,  however,  imme- 
diately at  the  surface  was  only  about  1  or  2°F  higher,  as  a  monthly  aver- 
age, than  that  of  the  air  at  a  height  of  four  feet.  That  of  the  peat 
was  slightly  lower  than  that  of  the  air. 

Unless  the  various  soils  were  frozen  they  always  had  a  gradient  of 
temperature  at  their  adjacent  depths.  Ttiis  gradient  of  temperature, 
however,  reversed  itself  between  day  and  night  during  the  warm  part  of 
the  year  to  the  depth  that  the  diurnal-nocturnal  amplitude  of  oscillation 
of  temperature  extended.  During  the  day  it  decreased  from  the  surface 
downward  and  during  the  night  the  reverse  was  true.  There  were  two 
periods,  one  in  the  morning  and  one  in  the  evening,  when  the  reversion 
took  place,  that  this  gradient  was  not  regular.  During  the  day,  at  the 
time  that  the  maximum  temperature  was  attained  at  the  surface,  this 
gradient  was  very  large  at  the  adjacent  dephts,  the  difference  between 
the  surface  and  the  6-in.  depth  being  sometimes  as  high  as  30**  P,  but 
during  the  night  at  the  time  when  the  minimum  was  reached  at  the 
surface,  it  was  comparatively  small,  the  greatest  differences  between  the 
same  depths  being  only  about  10 °F. 

The  soils,  down  to  the  depth  that  the  diurnal-nocturnal  amplitude  of 
oscillation  of  temperature  extended,  received  their  temperature  in  the 
form  of  waves.  There  were,  of  course,  two  types  of  waves,  a  warm  and  a 
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cold.  Both  of  these  classes  of  waves  penetrated  the  soils  in  gradual 
Increase  of  intensities  of  temperature. 

The  rate  at  which  the  maximum  and  minimum  temperature  waves 
traveled  through  any  particular  soil  tended  to  follow  approximately  a 
mathematical  law.  This  law  may  be  stated  thus:  The  lag  of  the  maxi- 
mum and  minimum  epochs  tended  to  be  approximately  proportional  to 
the  depth,  in  all  the  different  types  of  soil. 

The  decrease  of  the  diumal-noctumal  amplitude  of  temjjerature  with 
the  increase  in  depth  also  followed  a  mathematical  law  in  all  the  diverse 
types  of  soil  and  indeed  the  geometric  progression  law.  This  law  may 
be  stated  as  follows:  The  diurnal-nocturnal  amplitude  of  oscillation  of 
temperature  decreased  in  geometric  progression  as  the  depth  increased 
in  arithmetric  progression,  in  all  the  different  types  of  soil. 

The  four  years'  data  obtained  on  the  temperature  of  sand  to  which 
was  added  different  percentages  of  organic  matter  (peat)"  showed  that 
during  the  fall  and  winter  months  all  these  soils  had  approximately  the 
same  degree  of  average  temperature  but  in  the  spring  and  summer 
months  it  varied  somewhat.  During  the  latter  months  the  sand  which 
received  no  organic  matter  and  had  a  white-colored  surface  and  the  peat 
had  about  the  same  and  lower  average  temperature  than  the  other 
soils  which  were  treated  with  various  percentages  of  peat. 

In  the  spring  all  the  treated  and  untreated  mineral  soils  would  thaw 
first  and  approximately  at  the  same  time,  the  peat,  however,  would  thaw 
last  and  several  days  later. 

The  amplitude  of  temperature  at  the  3  and  5-inch  depths  was  high  but 
approximately  of  equal  degree  in  all  the  treated  and  untrefited  soils,  but 
ccmiparatively  low  in  the  peat. 

The  higher  average  tem|>erature  of  the  sand  to  which  was  added  various 
quantities  of  peat  during  the  spring  months  after  thawing,  and  in  the 
summer  months,  over  the  sand  which  received  no  peat  and  had  white- 
colored  surface,  and  the  peat,  goes  to  prove  that  the  white  color  reflected 
so  much  of  the  solar  energy  that  it  kept  the  temperature  of  white  sand 
low  in  spite  of  the  many  other  intrinsic  factors  which  are  favorable  for 
a  high  temperatuT'e.  On  the  other  hand  a  large  amount  of  evaporation 
of  water  predominated  over  the  high  heat  absorptive  power  of  the  black 
color  and  consequently  kept  the  temperature  of  the  peat  also  low.  Soils, 
however,  j)ossessing  these  j)roperties  in  medium  degree  maintained  a 
hiffher  average  temperature  during  the  same  periods. 

The  general  belief  that  there  exists  a  large  difference  in  temperature 
!)etween  a  cultivated  and  uncultivated  soil  is  much  exaggerated.  The 
(rf)servations  conducted  for  four  years  show  that  the  uncultivated  soil 
had  practically  the  same  or  only  a  few  tenths  of  a  degree  higher  tem- 
perature during  the  s|)ring  months  than  the  cultivated,  and  only  about 
1°F  higher  during  the  summer  months.  During  the  fall  and  winter 
months  there  was  liardly  any  difference. 

There  did  exist,  however,  a  very  marked  difference  in  average  tem- 
|)eratnre  between  thse  two  bare  soils  and  one  covered  with  growing 
vegetation.  The  data  show  that  immediately  upon  the  commencement 
of  growth  of  the  vegetation  the  temperature  of  the  sod  or  grass  land 
would  become  decidedly  lower  than  that  of  the  cultivated  and  unculti 
vated  soil.  The  maxinuini  difference  would  be  reached  in  June  and  July 
when  the  sod  soil  at  the  7-inch  depth  for  instance  would  be  aboijtj^°F 
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colder  than  tlie  bare  soils.  This  difference,  however,  would  l)ecome 
smaller  jMid  smaller  so  that  by  September  it  would  entirely  disap[>ear 
and  by  ()<  toller  the  order  would  be  reverscMl;  the  bare  plots  would  l)e- 
come  colder  and  the  sod  warmer.  The  latter  would  ccmtinue  to  have  a 
hif^her  temperature  tbrouj^hout  the  fall  and  winter  months. 

A  cover  of  vejjetation,  therefore,  had  a  vei'V'  larfje  controlling?  in- 
fluence uoon  the  soil  temperature;  durinji:  the  wannest  jiart  of  the  year 
it  ke])t  the  soil  cold  and  during;  the  coldest  part,  warm.  Indeed,  a  cover 
of  ve^^etation  is  one  of  the  most  efficient  and  expedient  means  of  prc)- 
tectin*?  the  soil  ajrainst  extreme  low  temperature  durin^i:  the  winter. 

Like  the  vejretati<m  cover,  a  thick  laver  of  snow  is  also  a  most  efficient 
ajrent  for  keeoinjj  the  soil  warm  in  the  winter  and  preventing?  it  from 
attainintr  extreme  low  temperature  diirins:  severe  cold  weather.  Obser- 
vations made  for  four  years  upcni  this  subject  showed  that  in  excep- 
tional cold  weather  the  soil  covered  with  a  vegetation  cover  and  a  , layer 
of  snow  would  have  25°F  higher  temp  erature  than  a  bare  soil  at  3-inch 
deT>th. 

Certain  touoo-raohic  positions  have  a  marked  controlliuff  influence 
upon  the  s(»il  temperature.  A  southern  exposure  had  about  2^F  hipher 
averajje  temperature  than  a  northern  durinc:  the  spnng  and  summer 
months,  bnt  durincr  the  fall  and  winter  months  both  locations  would  l)e 
equally  warm.  The  soil  tempei'ature  at  a  river  bank  was  far  below  that 
of  the  south  and  north  slope  durinjr  the  spriufj  and  summer  months  but 
slitrhthly  hisrher  durinj?  the  fall  and  winter  months. 

The  marked  influence  of  the  slant  of  the  surface  w^th  respect  to  the 
position  of  the  sun  on  the  soil  temT)erature  is  even  manifested  on  a  culti- 
vated soil  with  verv  lumpv  and  uneven  surface.  The  sides  of  the  lumps 
or  dead  furrows  facing;  the  sun  in  the  morninj?  had  a  higher  temperature 
than  those  shaded. 

The  heat  escapini'T  from  a  well-insiirated  steam  T)ipe  buried  about  a 
foot  into  the  ground  influenced  the  tnnocM'ature  of  the  surnnmdinir  soil 
to  a  considerable  extent.  The  temoerature  of  the  soil  was  highest  im- 
mediately above  the  nine  and  diminished  with  increase  in  distance.  The 
influence  was  felt  and  the  soil  was  orevented  from  freezing  to  a  distance 
of  about  10  feet  cm  each  side,  making  a  total  lateral  distance  of  alwut 
20  feet. 

Speaking  broadly,  the  abilitv  of  man  to  control  or  influence  the  soil 
temoerature  under  field  c(mditi<»n^.  (Uie  wav  or  the  other,  is  greatly 
limited.  Since  the  temperature  of  the  soil  is  finally  dependent  upon 
the  meteorological  elements  and  esoecially  upon  the  air  temperature, 
which  are  beyond  his  control,  all  he  can  do  is  to  vary  some  of  the  in- 
trinsic factors  and  thereby  modify  somewhat  the  degree  of  soil  tempera- 
ture, either  temporarily  or  permaneTitly.  The  factoi's  which  are  in  his 
power  to  modify  in  order  to  hasten  the  rise  of  temperature  in  the  spring, 
which  is  the  most  important  time,  are:  (ll  draining  the  soil  from  an 
exc  ess  of  water,  (2)  (treating  a  dark  color  at  the  surface,  (3)  covering  the 
surface  of  these  soils  prone  to  low  temperature  with  a  thin  layer  of 
sand,  and  (4.)  compacting  the  surface  of  the  cultivated  soil. 

A  fultillnient  of  the  above  factors  except  (ll  would  probably  l)e  of 
scmie  benefit  only  if  the  planting  is  to  be  done  in  the  spring.  If  it  is 
already  acccnnplished  in  the  fall  so  that  the  i)lants  have  already  begun 
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to  shade  the  ground  then  the  creation  of  conditions  (2),  (3),  and  (4) 
would  be  of  practically  no  imiwiiant  benefit. 

Furthermore,  by  creating  conditions  (2),  (3),  and  (4)  the  temiierature 
of  the  heavy  tyi)es  of  the  mineral  soils  could  hardly  be  increased  more 
than  2°F;  that  of  the  peat,  however,  could  he  raised  almost  twice  this 
amount.  The  practical  importance  of  this  comparatively  small  increase 
in  average  temperature,  therefore,  would  depend  upon  the  sensitiveness 
of  the  germiimting  seed  and  growing  i)lant  upon  the  temperature  and 
upon  the  time  of  the  growing  season. 

Again,  it  must  be  remembered,  that  it  is  not  only  the  soil  temperature 
that  influences  the  growth  of  plants,  but  the  air  temperature  as  well. 
Hence,  if  the  air  temperature  is  the  same  over  a  certain  area  then  tlie  in- 
tiuence  of  small  variation  of  temperature  that  may  exist  in  adjacent 
different  types  of  soil  would  he  of  lesser  significance. 

Some  of  the  intrinsic  factors  which  man  can  modify  to  keep  the  soil 
warm  or  protect  it  from  extreme  low  temperature  in  the  winter  are:  (1) 
covering  the  soil  vnth  straw  or  any  other  material,  and  (2)  heating  the 
soil. 

Man  can  regulate  the  soil  tem]>eratui*e  far  easier,  more  successfully  and 
probably  with  far  greater  practical  results  during  the  cold  part  of  the 
year  than  at  anv  other  other  time. 
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INTRODUCTION. 


Perhaps  no  other  single  subject  in  soils  is  receiving  at  present  more 
attention  and  investigation  than  that  of  soil  acidity.  Again,  probably 
no  other  soil  problem  is  so  rich  in  laboratory  methods^  as  the  acidity  of 
soils.  Both  of  these  facts  unmistakably  go  to  indicate  that  the  subject 
per  86  is  of  urgent  importance  and  that  probably  none  of  the  present 
methods  is  proving  entirely  satisfactory  for  its  solution. 

That  the  subjct  is  of  great  and  urgent  practical  importance  can  scarcely 
be  questioned.  It  appears  now  to  be  an  established  fact  that  the  so- 
called  acidity  of  soils  is  proving  to  be  a  limiting  factor  in  crop  growth, 
at  least  for  many  agricultural  plants,  and  that  the  infertility  of  many 
soils,  in  part  or  in  whole,  may  be  safely  attributed  directly  or  indirectly, 
to  this  factor.  The  necessity,  therefore,  of  correcting  this  acid  condition 
of  soils  and  thereby  rendering  them  more  efficient  and  productive,  is  of 
paramount  importance. 

Experience  has  shown  that  when  the  acid  soils  are  treated  with  lime  in 
its  various  forms  the  growth  of  some  crops  is  greatly  increased,  while 
that  of  others,  very  little  if  any.  This  has  led  to  the  logical  conclusion 
that  the  acid  condition  of  soils  affects  the  various  plants  differently. 

Since  this  is  true,  then  it  would  appear  that  probably  no  soil  acidity 
laboratory  method  could  ever  be  expected  to  tell  exactly  to  what  extent 
the  soil  acidity  should  be  corrected  by  the  application  of  lime.  This 
point  would  have  to  be  settled  by  field  experiments. 

Most  that  a  soil  acidity  laboratory  method  might  ever  be  expected  to 
do  from  the  practical  standpoint,  is  to  show  the  maximum  lime  require- 
ment of  soils  and  then  apply  the  lime  according  to  the  crops  planted. 
Any  soil  acidity  laboratory  method,  therefore,  that  would  be  able  to  indi- 
cate definitely  and  correctly  the  maximum  lime  requirement  of  soils, 
would  be  of  the  greatest  value. 

It  appears  very  doubtful  if  any  of  the  present  soil  acidity  methods 
gives  the  true  lime  requirement  of  soils.  Thus,  take  the  Veitch  method 
which  is  quite  generally  considered  to  be  probably  the  most  satisfactory 
from  the  practical  standpoint,  i.  e.,  it  comes  closer  in  indicating  the  true 
lime  requirement  of  soils  than  any  other  method,  although  many  of  the 
other  methods  show  almost  identical  results.  A  critical  consideration 
of  the  nature  of  the  soil  mass  and  the  kind  of  indicator  employed  seems 
to  point  very  strongly  to  the  fact  that  this  method  probably  does  not 
indicate  the  total  maximum  lime  requirement  of  soils.  A  consideration 
of  the  soil  mass  shows  that  it  is  composed  mainly  of  silicates  of  the 
metals  aluminum,  iron,  calcium,  potassium,  sodium,  and  magnesium. 

(1)  It  is  not  deemed  necessary  to  rertew  tbe  numerous  soU  acidity  methods  that  have  been  pro- 
posed, since  several  of  the  recent  articles  cm  soli  acidity  contain  quite  complete  reviews  of  these  different 
methods.  Perhaps  the  most  complete  rsBume  of  all  the  various  soil  acidity  methods  is  contained  in 
a  recent  bulletin  written  by  Dr.  W.  Frear  entitled:  Sour  soils  and  Liming.  Bulletin  261.  Dept.  of  Agr., 
Ck>mmonwealth  of  Pennsyivanfa. 
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These  silicates  are  salts  of  strong  bases  with  weak  acids,  and  being  some- 
what soluble  in  water  are  greatly  hydrolyzed.  Upon  hydrolysis  the  acid 
remains  more  or  less  in  an  insoluble  form  while  the  bases  go  readily  into 
solution.  Now  it  is  a  well  known  fact  that  the  strength  of  the  bases  and 
acids  has  a  very  marked  effect  upon  the  indicators  commonly  employed 
for  determining  the  end  point  of  neutralization.  Thus,  for  example, 
phenolphthalein  cannot  be  used  with  weak  acids  or  weak  bases.  If  the 
acid  is  so  weak  that  its  salts,  even  with  strong  bases,  are  hydrolyzed, 
the  free  base  begins  to  react  with  phenolphthalein  long  before  enough 
base  has  been  added  to  completely  neutralize  the  acid.  The  result  is  the 
appearance  of  a  faint  color  on  the  addition  of  a  little  alkali.  In  the 
Veitch  method  phenolphthalein  is  employed  as  the  indicator.  Now  it 
is  readily  evident  that  if  the  soil  contains  soluble  weak  acids  consisting 
of  silicic  and  organic  acids,  the  alkali  color  begins  to  manifest  itself  long 
before  enough  of  the  base  is  added  to  completely  neutralize  all  the  soluble 
weak  acids  present.  The  result  is  that  the  soil  shows  a  low  lime  re- 
quirement and  consequently  its  true  maximum  lime  requirement  will  not 
be  known. 

As  it  will  be  subsequently  shown,  however,  the  cudditi/  of  the  mineral 
90il8  appears  to  he  due  almost  entirely  to  the  acid  aUiminO'SilicateSy 
siUcio  acid^  a/nd  sUioa,  a/nd  that  the  mineral  soils  raa-ely  if  ever  cowtaia 
permanently  free  soluble  acids.  Consequently  the  above  objection  to 
using  phenolphthalein  in  the  Veitch  me&od  is  neither  absolutely  valid 
nor  so  serious.  The  aforesaid  objection,  however,  would  hold  true  in  the 
hydrolysis  of  the  minerals.  As  already  stated  these  silicates  or  silico- 
minerals  upon  hydrolysis  yield  soluble  bases  and  more  or  less  insoluble 
acid.  If  the  bases  are  present  even  in  small  quantities  they  will  give  a 
neutral  or  alkaline  reaction  both  to  the  phenolphthalein  and  litmus 
paper,  even  if  the  silicates  are  far  from  being  completely  neutralized, 
or  satisfied  with  a  base.  This  is  due  of  course  to  the  high  ionization  of 
the  bases  and  consequently  to  their  strong  reaction  upon  the  indicator 
as  compared  with  the  almost  negligible  ionization  of  the  acid  and  there- 
fore its  extremely  weak  reaction  upon  the  same  indicators.  It  is  very 
possible  to  have  a  soil  which  would  be  neutral  according  to  the  Veitch 
method  and  litmus  paper  test  and  yet  this  soil  may  possess  a  large 
amount  of  negative  or  inactive  acidity,  as  it  is  generally  termed,  i.  e.,  the 
acid  radical  of  the  soil,  which  is  composed  almost  entirely  of  alumino- 
silicate,  silica  and  silicic  acid,  is  far  from  being  entirely  satisfied  with 
bases. 

A  simple  experiment,  which  apparently  would  seem  to  demonstrate  the 
validity  of  the  above  statements  and  at  the  same  time  help  to  make  the 
point  in  question  more  clear,  may  be  cited  as  follows :  If  to  1  gram  of 
pure  silicic  acid  is  added  10  c.  c.  of  distilled  water  and  the  mixture 
stirred  and  a  blue  litmus  paper  is  placed  into  it,  the  color  of  the  litmus 
paper  will  shortly  turn  decidedly  red.  If  now  to  this  mixture  is  added  a 
few  drops  of  N/25  Ca(0H)2  the  red  will  shortly  turn  faint  blue  or  neu- 
tral and  continue  to  remain  faint  blue  or  neutral.  Yet  this  one 
gram  of  silicic  acid  requires  nearly  80  c.  c.  N/25  Ca(OH)j  to 
be  fully  satisfied  before  the  Ca(OH)2  can  remain  in  solution  to 
affect  the  concentration  of  the  liquid  phase,  and  therefore,  also  the 
freezing  point  depression.  In  other  words,  the  Ca(OH)2  added  to  the 
silicic  acid  immediately  combines  with  it  to  form  calcium  silicate  and 
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thereby  is  removed  from  the  liquid  phase.  The  CaCOH),  which  is  in 
solution  is  that  only  which  is  due  to  hydrolysis  of  the  calcium  silicate 
compound.  When  the  silicic  acid,  however,  is  fully  saturated  or  satisfied 
with  the  Ca(OH)2  then  the  hydrate  will  remain  in  the  solution  and  affect 
the  freezing  point  depression.  In  spite  of  this  tremendous  amount  of 
lime  absorption  or  requirement  by  the  silicic  acid,  a  neutral  reaction  is 
attained,  according  to  the  phenolphthalein  and  litmus  paper  indicators, 
when  only  about  one-hundredth  of  the  amount  required  is  added. 

That  the  hydrolisis  of  ,the  soil  minerals  and  the  effect  of  the  result- 
ing products  upon  the  phenolphthalein  indicator  play  a  large  role  in  the 
estimation  of  tiie  lime  requirement  of  soils  by  the  Veitch  method  seems 
to  have  been  recognized  by  Veitch  himself,  although  he  does  not  appear 
to  have  attached  any  serious  consequences  to  the  matter.  Veitch  found 
that  the  length  of  time  the  treated  soil  was  allowed  to  stand  had  con- 
siderable effect  upon  the  lime  requirements.*  When  the  solution  was 
allowed  to  go  on  from  48  to  72  hours  the  pink  color  with  phenolphthalein 
was  developed  with  less  added  lime  water  than  when  the  solution  was 
allowed  to  stand  16  hours  or  less.  Furtheromer,  Veitch  found  that  some 
soils  which  were  acid  when  allowed  to  stand  16  hours  gave  an  alkaline 
filtrate  when  permitted  to  stand  24  to  48  hours  longer. 

Any  one  who  has  tried  to  test  soil  acidity  with  the  litmus  paper  test 
will  doubtless  have  noticed  that  many  soils,  even  those  which  show  lime 
requirement  by  the  Veitch  method,  will  turn  the  red  litmus  pink  or 
neutral  on  long  standing,  especially  when  the  soil  is  treated  with  an  ex- 
cess of  water.  This  phenomenon  can  safely  be  attributed  to  hydrolysis. 

Veitch's  method  calls  for  treating  the  soil  with  water  and  Ca(0H)2 
and  then  drying  down  at  once  on  a  steam  bath.  Now  it  is  a  well  known 
fact  that  hydrolysis  is  appreciably  increased  by  a  rise  in  temperature. 

Even  practical  experience  seems  to  indicate  that  the  Veitch  method 
may  not  be  showing  the  true  maximum  lime  requirement  of  soils,  and 
consequently  the  proper  amount  of  lime  may  not  be  applied  to  the  soils 
for  the  successful  growth  of  crops.  Thus,  for  instance,  in  a  recent  paper 
by  Ames  and  Schollenberger  of  the  Ohio  Experiment  Station',  it  is  shown 
that  the  soil  of  some  of  the  experimental  plots,  which  was  limed  a  long 
time  ago,  is  now  almost  neutral  or  alkaline  according  to  the  Veitch 
method,  yet  the  growth  of  clover  will  be  materially  benefited  by  an  appli- 
cation of  lime.  In  speaking  of  the  possible  usefulness  of  the  various 
methods  for  comparative  purposes  when  different  soil  treatments  have 
been  made,  Ames  and  Schollenger  make  the  following  statement:  "If 
either  the  Hopkins  or  the  Veitch  test,  were  used  to  obtain  a  figure  for 
the  limed  soiFs  requirement,  the  results  would  lead  to  erroneous  con- 
clusions, because  the  Veitch  method  indicates  that  the  limed  halves  of 

all  the  plots  are  alkaline  "  Yet  an  application  of  lime  to  these  plots 

will  materially  benefit  the  growth  of  clover. 

The  behavior  of  the  Veitch  method  towards  this  soil  which  was  limed  a 
long  time  ago  but  with  amounts  which  were  evidently  too  small,  since 
the  growth  of  clover  will  be  enhanced  with  further  applications,  is  in 
perfect  agreement  with  the  theory,  of  hydrolysis  and  the  reactivity  of  the 
hydrolyzed  products  upon  the  phenolphthalein  indicator,  as  already  set 
forth. 

Thus  far  an  attempt  has  been  made  to  show  that  probably  none  of  the 

(2)  Jour.  Am.  Chem.  Soc.  24  (1904),  637 

(3)  Jour.  Ind.  Eng.  Chem.  8  (1916),  243. 
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methods  now  in  vogue  are  capable  of  indicating  the  total  maximnm  lime 
requirement  of  soils.  The  Veitch  method  has  l^n  mainly  taken  into  the 
discussion  because  it  is  generally  considered  to  be  the  standard  method. 
The  other  methods  are  based  upon  different  principles  and  although  the 
individual  criticisms  would  accordingly  vary,  yet  the  main  and  important 
criticism,  namely  that  they  may  not  indicate  the  total  maximum  lime  re- 
quirement of  the  soils,  is  the  same.  It  will  have  been  noticed  that 
nothing  has  been  said  concerning  the  empirical  nature  of  these  methods, 
the  comparatively  slight  variations  in  methods  of  procedure  affect  the 
result  obtained  markedly.  The  errors  arising  from  this  source,  how- 
ever, serious  as  they  may  be,  are  insignificant  in  comparison  with  the 
above  main  objection. 

It  is  hoped  that  the  foregoing  critique  will  not  be  considered  as  a  con- 
demnation of  any  of  the  soil  acidity  methods,  and  especially  of  the 
Veitch  method !  Indeed  that  is  far  from  being  the  intention  and  desire 
of  the  writer.  He  fully  realizes  and  acknowl^ges  their  usefulness.  In 
offering  these  criticisms  it  is  done  with  the  firm  iSelief  that  they  are  based 
upon  fundamental  principles  and  experimental  data;  and  incidentally 
to  emphasize  the  need  of  some  new  method  which  will  indicate  definitely 
and  accurately  the  true  lime  requirement  of  soils. 

In  employing  the  freezing  point  method  to  measure  the  concentration 
of  the  soil  solution  directly  in  the  soil ;  the  effect  of  the  application  of 
fertilizers  upon  the  concentration  of  the  soil  solution* ;  the  concentration 
of  the  cell  sap  directly  in  the  plant  tissue' ;  and  the  effects  of  biological 
activities  directly  in  the  soil*,  the  idea  occurred  that  the  freezing  point 
method  might  also  be  employed  to  determine  or  study  both  the  nature  of 
soil  acidity  and  the  lime  requirement  of  soils.  It  was  reasoned  that  if 
the  soil  contains  a  free  soluble  acid,  this  acid  would  possess  a  definite 
freezing  point  depression  at  a  certain  concentration.  Upon  titrating  this 
acid  with  a  base,  such  as  Ca(0H)2,  a  salt  would  be  formed.  This  salt 
would  probably  possess  a  different  freezing  point  depression  from  that 
of  either  of  the  reacting  agents.  The  depression  then  should  vary  as 
more  and  more  of  the  lime  is  added  to  the  soil  until  the  neutralization 
point  is  reached  where  the  formation  of  the  salt  is  completed  and  then 
the  direction  of  the  depression  should  change.  If  on  the  other  hand,  the 
soil  does  not  contain  a  free  soluble  acid  but  possesses  an  absorptive 
power  for  lime,  due  to  its  unsaturated  or  unsatisfied  silicate  compounds 
and  organic  matter,  then  the  depression  of  the  freezing  point  of  the  soil 
should  remain  the  same  as  more  and  more  lime  is  added  until  these  sili- 
cate compounds  and  organic  matter  are  satisfied  with  the  base,  and  then 
it  should  increase  with  further  addition  of  Ca(0H)2.  Finally,  if  the 
soil  is  alkaline  or  already  saturated  with  bases,  then  the  depression 
should  begin  to  rise  inunediately  upon  adding  a  small  amount  of  Ca(0H)2 
to  the  soil. 

Happily  all  these  a  priori  predictions  were  actually  and  experimentally 
realized  in  soils  exactly  as  they  are  described  above. 

The  freezing  point  method  then  promises  of  being  capable  to  perform 
three  functions  simultaneously:  (1)  to  indicate  whether  or  not  a  soil 
needs  lime,  (2)  the  quantity  it  requires,  and  (3)  the  nature  of  its  acidity. 
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Using  the  Veitch  method  as  a  standard  for  comparison,  the  freezing 
point  method  shows  that  the  soils  and  especially  the  loams,  clays  and 
mucks  or  peats,  require  far  greater  amounts  of  lime  to  satisfy  completely 
their  unsaturated  compounds  than  the  former  method  does.  It  appears 
that  this  maximum  requirement  as  obtained  by  the  freezing  point  method 
represents  the  true  lime  requirement  of  soils.  By  true  lime  requirement 
is  meant  the  total  mawim/um  amount  of  lim^  required  hy  the  soils  to 
neutralize  any  of  their  soluble  acid  or  aoid  salts,  and  to  satisfy  their 
ahsorption-adsorption  phenomena  for  Ca{0H)2- 

While  the, freezing  point  method  probably  indicates  the  true  lime  re- 
quirement of  soils,  no  claim  is  made  that  it  is  necessary  to  add  all  that 
amount  of  lime  to  the  soils ;  this  point  will  ultimately  have  to  be  decided 
in  the  field,  using  the  plant  as  the  indicator.  As  previously  intimated, 
probably  no  laboratory  method,  including  the  freezing  point  method, 
could  ever  be  expected  to  designate  definitely  how  much  lime  should  be 
added  to  the  soil.  This  is  clearly  obvious  from  the  fact  that  the  plant 
is  used  as  an  indicator  to  determine  the  effects  of  acidity  and  basicity 
upon  its  growth,  and  since  it  is  found  that  different  plants  are  affected 
differently  by  these  qualities.  All  that  a  laboratory  method  might  ever 
be  expected  to  do,  at  least  from  the  practical  standpoint,  is  to  show  the 
maximum  lime  requirement  of  the  soils  and  then  apply  the  lime  to  these 
soils  according  to  the  requirement  of  the  crops  planted.  This  certainly 
appears  to  be  the  most  rational  and  intelligent  procedure.  However,  the 
experience  of  various  observers  goes  to  indicatje  very  strongly  that  heavy 
applications  of  lime  increase  the  growth  of  most  crops  very  markedly, 
and  these  quantities  are  in  accordance  with  those  indicated  by  the 
freezing  point  method. 

In  the  present  bulletin,  therefore,  there  is  presented  the  freezing  point 
method  as  a  new  method  for  determining  the  lime  requirement  of  soils 
and  possibly  the  nature  of  their  acidity ;  also  the  principles  and  descrip- 
tion of  the  method ;  and  some  of  the  experimental  data  obtained. 


PRINCIPLE  OP  THE  METHOD. 

As  already  stated  the  principle  of  the  freezing  point  method  for  de- 
termining the  nature  of  soil  acidity  and  lime  requirement  is  based  upon 
the  following  facts:  (1)  That  if  a  soil  contains  a  soluble  acid  or  acid 
salt  its  freezing  point  depression  decreases  more  or  less  regularly  and 
gradually  with  the  increase  in  the  amount  of  Ca(0H)2  added  until  the 
points  of  neutralization  and  saturation  are  reached  and  then  it  begins 
to  increase.  (2)  If  on  the  other  hand  a  soil  contains  neither  a  soluble 
acid  nor  an  acid  salt  but  possesses  an  absorptive  power  for  lime,  due 
probably  to  the  unsatisfied  silicate  compounds  and  organic  matter,  the 
freezing  point  depression  remains  constant  as  more  and  more  of  Ca(0H)2 
is  added  to  the  soil,  until  the  absorptive  power  is  satisfied  and  then  the 
freezing  point  depression  commences  to  rise.  (3)  Finally,  if  the  soil 
contains  neither  a  free  soluble  acid  or  acid  salt,  nor  an  absorptive  power 
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for  lime,  i.  e.,  it  is  already  alkaline  and  satisfied,  then  the  freezing  point 
depression  starts  to  ascend  almost  immediately  upon  the  addition  of  a 
small  amount  of  Ca(OH)2.  These  principles  are  clearly  illustrated  by 
the  following  examples. 

The  first  principle,  that  the  freezing  point  depression  of  a  soil  contain- 
ing a  soluble  acid  or  acid  salt  decreases  with  increased  amount  of 
Ca(OH)2  added  until  the  point  of  neutralization  is  reached  and  then 
begins  to  increase,  was  established  (1)  by  pure  acids  and  acid  salts, 
and  (2)  with  •  soils  to  which  were  added  acids  and  acid  salts. 
In  Table  1  there  are  shown  the  freezing  point  depressions  of  HCl,  H^SO^, 
HjCjO^  and  Al2(N0j)e  in  pure  solutions  titrated  with  Ca(dH)j.  These 
results  are  graphically  represented  in  figures  la,  lb,  Ic  and  Id.  In 
order  to  avoid  the  factor  of  dilution  of  the  reagents,  the  acids  and  acid 
salts  were  suflSciently  diluted  to  make  their  freezing  point  depression 
much  smaller  than  that  of  the  Ca(0H)2  whose  depression  was  .105°  C. 
It  should  be  stated  that  the  results  below  are  presented  solely  to  illustrate 
the  principle  and  not  necessarily  the  exact  neutralization  point. 

TABLE  1.    THE  FREEZING  POINT  DEPRESSION  OF  HCl,  HtSOi.  H«Ct04  AND  Ali(NOi)i 
TO  WHICH  WERE  ADDED  DIFFERENT  AMOUNTS  OF  Ca(OH)s. 
Reagents.  D^reBslon* 


plus  2  c.  c.  Ca(0H)i  045 

plus  1  c.  c.  Ca(OH)s  040 

plus  1  c.  c.  Ca(OH)s  039 

plus  1  c.  c.  Ca(OH)s  ^. . .  .041 

plus  1  c.  c.  Ca(OH)t  045 


plus  3  c.  c.  Ca(OH)s  021 

plus  2  c.  c.  Ca(OH)»  010 

plus  2  c.  c.  Ca(OH)s  000 

plus  1  c.  c.  Ca(0H)i  002 

plus  5  c.  c.  Ca(OH)s  025 


H1SO4  048<*C 

plus  3  c.  c.  Ca(OH)t  030 

plus  1  c.  c.  Ca(OH)s  020 

plus  1  c.  c.  Ca(OH)s  031 

plus  4  c.  c.  Ca(OH)s  046 

Ali(NOs)*  .060K3 


An  inspection  of  the  foregoing  results  bears  out  perfectly  what  has 
already  been  said,  namely,  the  freezing  point  depression  of  the  a^ids  and 
acid  salts  decreases  as  more  and  more  Ga  (OH)2  is  added  to  them  until 
a  certain  point,  the  neutralization  point,  is  reached  and  then  it  com- 
mences to  increase  with  further  addition  of  the  hydrate. 

Now  it  will  be  of  interest  to  know  whether  the  same  general  results 
are  obtained  when  these  acids  and  acid  salts  are  added  to  the  soil  atod 
the  titration  is  done  in  the  soil.  Table  2  contains  the  results  of  a  few 
typical  experiments  bearing  upon  this  point.  These  results  are  graphically 
represented  in  figures  2a,  and  2b.  The  experiments  consisted  of  adding 
10  c.  c.  of  the  acids  or  acid  salts  to  2  grams  of  soil  and  then  following  the 
same  procedure  as  in  the  case  of  the  pure  solution. 


plus  2  c.  c.  Ca(OH)i 
plus  4  c.  c.  Ca(OH)« 
plus  2  c.  c.  Ca(OH)i 
plus  5  c.  c.  Ca(OH)s 
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TABLE  2.    THE  FREEZING  POINT  DEPRESSION  OF  SOILS  TO  WHICH  WERE  ADDED 
HCl  AND  Ah(NO«)«  AND  TITRATED  WITH  Ca(OH)j. 


Reagents.  Depression. 

Soil  plus  HCl  T  OSO^C 

plus  10  c.  c.  Ca(OH)i  038 

plus  2  c.  c.  Ca(OH)i  036 

plus  2  c.  c.  Ca(OH)t  039 

plus  2  c.  c.  Ca(OH)s  041 


Soil  plus  Ali(NO»)«  049°C 

plus  6  c.  c.  Ca(OH)j  039 

plus  4  c.  c.  Ca(OH)i  03/> 

plus  1  c.  c.  Ca(OH)f  036 

plus  5  c.  c.  Ca(OH)s  040 


It  will  at  once  be  s<H*n  that  when  a  soil  is  treated  with  an  acid  or  acid 
salt  and  then  titrated  with  Ca(OH)2  almost  exactly  the  same  general 
results  are  obtained  as  when  the  acid  and  acid  salt  are  titrated  alone. 
The  main  difference  being  that  the  lower  part  of  the  curv^es  of  the  soils  is 
not  sd  sharply  pointed  as  that  of  the  solution.  Occasionally  the  lower 
part  of  the  curves  of  the  soils  may  be  slightly  flattened. 

The  above  type  of  curve  is  designated  for  convenience,  and  will  be 
referred  to  throughout  this  paper  as  an  a&id  curve. 

The  second  principle,  that  if  a  soil  does  not  contain  a  free  acid  or  acid 
salt  but  possesses  an  absorptive  power  for  Ca(OH)2  the  freezing  point 
depression  will  remain  the  same  as  more  and  more  of  Ca(0H)2  is  added* 
to  the  soil,  until  the  absorptive  power  is  satisfied  and  then  it  will  com- 
mence to  rise  with  further  addition  of  Oa(OH)2  was  established  in 
natural  soils.  The  procedure  consisted  of  adding  10  c.  c.  of  water  to  2 
grams  of  soil  and  then  titrating  with  Ca(OH)2  in  the  same  manner  as 
above.  Table  with  its  accompanying  figures  3a  and  3b  contain  the 
general  type  of  results  obtained. 

TABLE  3.    THE  FREEZING  POINT  DEPRESSION  OF  SOILS  TO  WHICH  WERE  ADDED 
DIFFERENT  AMOUNTS  OF  Ca(OH)j.  . 
Reagents.  Depression . 

2  gm.  Soil  No.  1  plus  10  c.  c.  water    010*>C 

plus  5  cc.  Ca(OH)i  010 

plus  3  cc.  Ca(OH)j  010 

plus  1  cc.  Ca(OH)i  010 

plus  1  cc.  Ca(OH)t  012 

plus  3  cc.  Ca(OH)t   ^20 

2  gm.  Soil  No.  2  plus  10  c.  c.  water  011*C 

plus  6  cc.  Ca(OH)t  Oil 

plus  1  cc.  Ca(OH)a  012 

plus  2  cc.  Ca(0H)8  021 

It  becomes  immediately  evident  that  the  second  principle,  namely  that 
when  a  soil  does  not  contain  a  free  acid  or  acid  salt  but  possesses  an 
absorptive  power  for  Ca(0n)2  the  depression  remains  constant  as  more 
and  more  of  the  Ca(OH)2  is  added  until  the  absorptive  power  is  satis- 
fied, and  then  it  begins  to  increase  with  further  addition  of  Ca(OH)2, 
is  fully  confirmed  by  the  above  data. 

The  curve  typifying  the  second  principle  is  designated  for  convenience, 
and  will  be  referred  to  throughout  this  paper  as  tm  absorption  curve. 

If  a  soil  possesses  both  an  acid  and  an  absorptive  power,  the  curve 
obtained  will  be  similar  to  that  shown  in  Figure  2  which  is  an  acid  curve. 

There  still  remains  the  third  principle  to  illustrate,  namely,  that  when 
a  soil  is  alkaline  or  already  saturated  with  bases,  the  freezing  point  de- 
pression will  commence  to  rise  almost  immediately  upon  adding  a  small 
amount  of  Ca  (011)2.   A  typical  example  of  this  principle  is  afforded  in 
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Table  4  and  in  the  accompanying  Figure  4.  The  numerical  data  were 
obtained  by  treating  a  soil  with  an  excess  of  KOH  and  then  titrating 
with  Ca(0H)2  in  the  usual  manner. 

TABLE  4.    THE  FREEZING  POINT  DEPRESSION  OF  ALKALINE  SOIL  TO  WHICH  WAS 

ADDED  Ca(OH)j. 

Reagents.  Depression. 
2  gm.  soil  plus  10  c.  c.  water  -  016*C 


The  third  principle,  therefore,  is  also  established  by  the  preceding 
data.  As  will  be  noticed  tlie  depression  commenced  to  rise  when  only 
1  c.  c.  Ca(0H)2  was  added,  while  before  this  soil  was  saturated  with 
KOH  it  required  9  c.  c.  of  Ca(OH)2  of  the  same  strength  before  the 
freezing  point  depression  started  to  rise. 

The  curve  illustrating  the  third  principle  is  named  and  will  be  referred 
to  as  the  alkaline  or  fU)-Um€'requirement  curve. 

Going  back  for  a  moment  to  the  first  type  of  curve,  the  acid  curve,  the 
question  may  be  raised,  may  there  not  be  other  substances,  besides  acids 
and  acid  salts,  which  upon  reacting  with  Ca(0H)2,  give  the  same  type 
of  curve?  Before  attempting  to  answer  this  question  it  is  necessary  first 
to  consider  the  cause  or  causes  which  produce  this  type  of  curve. 

According  to  the  ionic  theory,  acids,  bases,  and  salts  or  electrolytes, 
tend  to  break  up  or  dissociate  into  ions,  and  the  degree  of  dissociation 
varies  markedly  in  the  various  electrolytes.  Besides  other  properties, 
each  ion  causes  the  siime  amount  of  depression  of  the  freezing  point  as  a 
molecule.  The  larger  the  number  of  ions,  therefore,  there  is  present  in  a 
solution,  the  greater  will  be  the  freezing  point  depression.  Since  the 
various  acids,  bases,  and  salts,  dissociate  differently  at  the  same  mole- 
cular concentration  their  depression  of  the  freezing  point  will  necessar- 
ily be  different. 

In  the  light  of  the  ionic  theory,  therefore,  the  reason  for  the  gradual 
decrease  in  the  depression  of  the  acids  and  acid  salts  upon  adding  to 
them  various  amounts  of  Ca(0H)2  until  the  neutralization  point  is 
reached  and  then  commences  to  rise  witli  further  addition  of  the  hydrate, 
becomes  at  once  clear  and  self-evident.  Thus,  for  instance,  consider  the 
case  of  HCl.  This  acid  at  the  concentration  employed  possesses  a  definite 
degree  of  dissociation  and  hence  also  a  freezing  point  depression.  Upon 
the  addition  of  a  small  amount  of  Ca(OH)2  part  of  the  acid  combines 
with  the  Ca  to  form  CaClj.  The  CaCU  evidently  has  a  lower  d^ree  of 
dissociation  than  that  of  either  HCl  and  Ca(6H)2,  and  consequently 
the  lowering  of  the  freezing  point  is  decreased.  This  decrease  continues 
until  all  the  acid  is  completely  neutralized  and  there  is  present  only 
CaClj  and  HgO.  Since  the  d^ree  of  dissociation  of  CaCl  is  less  than 
that  of  either  HCl  and  Ca(On)2  the  minimum  lowering  of  the  freezing 
point  is  registered  at  the  point  of  neutralization.  Upon  further  addition 
of  Ca(0H)2  after  the  neutralization  is  reached,  the  Ca(OH)2  remains  in 
solution,  and  since  it  possesses  a  greater  degree  of  dissociation  than  the 
CaClg,  causes  an  ascent  in  the  depression. 

Any  salt,  therefore,  formed  by  the  reaction  between  any  acid  and  any 
base  will  give  the  s.ame  tyf)e  of  curve  as  that  between  HCl  and  Oa(OH); 
provided  the  salt  thus  formed  has  a  lower  degree  of  dissociation  than 
either  of  the  acid  and  base.   It  might  be  stated  in  this  connection  that 


plus  1  c.  c.  Ca(OH)s 
plus  2  c.  c.  Ca{OH)i 


Digitized  by 


Google 


DIVISION  OF  SOILS. 


21 


all  the  acids  employed  in  this  investigation,  which  included  only  HCl, 
HNO3,  H2SO4,  and  H2C2O4,  gave  the  usual  acid  cun^e  upon  being  titrated 
with  Ca(OH)2,  NaOH,  and  KOH;  the  NH^OH,  however,  failed  to  give 
the  characteristic  acid  curve,  at  least  in  any  pronounced  form. 

Besides  the  factor  of  dissociation,  there  is  still  a  second  factor  which 
might  produce  the  acid  curve,  and  that  is  the  insolubility  of  the  product 
formed  from  the  reaction  between  the  acid  and  the  base.  Thus,  for 
•  instance,  take  the  case  of  Call^ (1*04)2  and  HaO^O^.  Upon  the  addition  of 
Ca(0H)2  the  Ca  combines  with  CaH^(P0j2  and  HjCjO^  to  form  Cei^(FO^) 
and  CaC204  which  are  quite  insoluble.  As  long,  therefore,  as  the  reaction 
is  not  completed  the  depression  will  diminish  with  the  increased  addition 
of  Ca(0H)2  but  as  soon  as  sufficient  ('a (OH) 2  has  been  added  to  com- 
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Figure  4.   C^urve  showing  the  almost  immediate  rise  in  the  depression  of  alkaline 
soils  upon  adding  Ca(OH)3 


plete  the  reaction,  then  there  will  occur  a  minimum  depression ;  beyond 
this  point  the  depression  will  commence  to  rise  with  further  addition  of 
Ca(0H)2. 

The  question  already  raise<l,  therefore,  namely,  may  not  substances 
other  than  acids  and  acid  salts  react  with  ('a(OH)2  to  produce  a  curve 
similar  to  the  acid  curve,  can  now  be  answered.  It  should  be  declared  at 
once,  howiever,  that  while  this  might  be  so  with  certain  compounds,  yet 
a  large  number  of  compounds  have  been  employed  for  the  purpose  of  test- 
ing out  this  i>oint  and  in  no  case  was  there  an  acid  curve  obtainetl. 

On  the  other  hand  it  has  been  found  that  certain  compounds  which  are 
neither  acids  nor  bases  may  react  between  themselves  to  form  other  com- 
pounds and  thus  yield  a  cur\'e  similar  to  the  acid  curve.  A  most  strik- 
ing case  of  this  kind  may  be  cited  the  reaction  between  BaClj  and 
Ag2S04.  If  Ag2S04  is  treated  with  BaCl2  the  freezing  point  depression 
decreases  similarly  to  that  when  HCl  is  titrated  with  Ca(OH)2  until 
the  reaction  is  complete  where  a  minimum  depression  is  registered  and 
then  the  depression  commences  to  rise  with  further  addition  of  BaOl^. 
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The  explanation  of  this  penomenon  is  self-evident.  The  AggSO^  reacts 
with  BaClg  to  form  BaSO^  and  AgCl.  Both  of  these  salts  being  almost 
insoluble  cause  a  minimum  depression  when  the  reaction  is  complete. 
Upon  further  addition  of  BaClj  after  the  complete  precipitation  of 
BaS04  AgCl,  the  lowering  of  the  freezing  point  rises  because  the 
BaClj  remains  in  solution. 

So  while  it  could  be  stated  as  a  very  general  rule  that  if  a  soil  contains 
a  free  soluble  acid  or  acid  salt  it  will  always  give  an  acid  curve  when  it 
is  titrated  with  Ca(0H)2  yet  it  is  possible  sometimes  to  obtain  an  acid 
curve  which  is  not  due  to  an  acid  or  acid  salt.  Such  a  case,  however,  will 
probably  be  very  rare. 

In  the  foregoing  exposition  an  attempt  has  been  made  to  indicate 
briefly  the  underlying  principles  governing  the  freezing  point  method  for 
determining  the  nature  of  acidity  and  lime  requirement  of  soils.  It  has 
been  seen  that  three  distinct  types  of  curves  are  obtained,  and  each  one 
of  these  curves  signifies  a  definite  phenomenon.  Next  a  description  of 
the  procedure  involved  in  the  method,  the  presentation  of  the  detailed 
results  obtained,  and  the  possible  explanations  therefor,  are  in  order. 


DBSORIPTION  OF  THE  METHOD  AND  PROCEDURE. 

For  determining  the  nature  of  soil  acidity  and  lime  requirement  of  soils 
by  the  freezing  point  method,  the  Beckmann  apparatus  was  employed 
with  certain  modifications.  The  complete  set  of  apparatus  used  is 
shown  in  Figure  5.  It  is  composed  of  a  Beckmann  thermometer  A,  a 
glass  tube  B  which  contains  the  soil,  a  larger  tube  C  which  acts  as  an 
air  jacket,  a  battery  jar  D  which  contains  the  cooling  mixture,  composed 
of  crushed  ice  and  NaCl,  and  a  wooden  box  E  in  which  the  battery  jar 
is  placed  and  surrounded  with  poor  heat  conducting  material  to  prevent 
rapid  radiation  of  the  cooling  system.  The  glass  tube  B  is  1  inch  in 
diameter  and  9  inches  long,  while  glass  tube  C  is  1.5  inches  in  diameter 
and  6  inches  long.  Vessels  P  and  G  act  as  accessories  to  the  above  main 
apparatus.  Vessel  F  contains  a  cooling  mixture  of  the  same  or  different 
temperature  as  that  in  the  battery  jar  D,  and  its  cooling  mixture  serves 
the  purpose  of  taking  off  more  rapidly  the  initial  heat  of  the  soil  mass  by 
bringing  the  tube  containing  the  soil  mass  into  intimate  contact  with  it. 
Vessel  G  acts  simply  as  a  stand  for  the  thermometer  when  it  is  taken  out 
of  the  glass  tube  B  for  preparing  another  soil  sample  or  for  adding 
Ca(OH)2  to  the  soils  at  the  end  of  each  freezing  point  determination. 
In  this  vessel  there  is  a  glass  tube  of  the  same  dimensions  as  the  glass 
tube  B. .  By  cleaning  this  tube  at  the  beginning  of  each  experiment  it 
becomes  unnecessary  to  clean  the  bulb  of  the  thermometer  evei-y  time  the 
latter  is  taken  out  of  the  soil  tube  to  add  Ca(OH)2  to  the  soil.  Near  to 
this  set  of  apparatus  are  kept  burettes  attached  to  bottles  of  distilled 
water  and  Ca(OH)2  stock  solution,  or  to  bottles  containing  any  other 
reagent  employed. 

For  determining  the  lime  requirement  of  a  soil  the  following  procedure 
was  finally  adopted :  First  the  freezing  point  of  pure  distilled  vzater  was 
determined  and  this  point  was  used  as  a  standard  for  ascertaining  the 
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freezing  point  depressian  of  soils.  Then  2  grams  of  soil  were  weighed 
out  on  a  chemical  balance  and  placed  into  the  soil  tube  B  and  add^  to 
it  10  c.  c.  of  distilled  water.  The  thermometer  was  inserted  into  the 
tube  and  was  so  arranged  that  the  bulb  was  close  to  the  bottom  of  the 
tube  and  entirely  covered  with  the  soil  mixture.  By  holding  the  tube 
with  one  hand  and  the  thermometer  with  the  other  the  soil  mixture  was 
stirred  for  about  a  minute  by  gently  moving  the  thermometer.  The  tube 
Ihen  was  placed  directly  into  the  cooling  mixture  contained  in  the  vessel 
F  and  by  continuously  stirring  the  soil  mass  with  a  gentle  move  of  the 
thermometer,  the  temperature  fell  very  rapidly.  The  agitation  was  con- 
tinued until  the  temperature  reached  the  freezing  point  of  water  when 
it  was  stopi)ed  and  the  soil  was  allowed  to  cool  undisturbed  until  it  was 
supercooled  to  about  1.0°  C.  below  the  freezing  point  of  water  and  then 
the  tube  was  placed  in  the  air  jacket  O  of  the  main  cooling  bath  and  the 
soil  mass  again  stirred.  The  soil  generally  commenced  to  solidify  at 
once  and  the  temperature  to  rise  very  rapidly  to  the  proper  freezing 
point.  Before  the  final  reading  was  taken,  the  soil  mixture  was 
thoroughly  mixed  by  moving  the  thermometer.  The  thermometer  then 
was  set  so  its  bulb  stood  in  the  center  of  the  tube  and  did  not  touch  the 
walls,  tapped  with  the  finger  a  few  times  and  then  the  final  reading 
recorded.  The  tube  then  was  taken  out  of  the  air  jacket,  the  thermometer 
placed  in  the  stand  G,  and  a  definite  quantity  of  Ca(OH)2  was  added  to 
the  soil.  The  thermometer  was  placed  back  into  the  soil,  the  mixture 
stirred  for  about  a  minute,  and  the  process  of  freezing  was  repeated  as 
before.  The  process  of  freezing,  then  adding  Ca(0H)2  to  the  soil,  and 
refreezing  was  continued  until  the  maximum  lime  requirement  of  the 
soil  was  attained,  which  was  indicated  by  a  change  in  the  reading  of  the 
thermometer  and  hence  of  the  freezing  point  depression. 

In  order  to  reduce  the  number  of  determinations  made  and  thereby  cut 
down  on  the  length  of  time,  large  quantities  of  Ca(0H)2  were  first 
added.  The  method  which  proved  most  convenient  consisted  of  adding 
to  the  soil  first  5  c.  c.  of  N/25  CaCOiH)^.  If  the  depression  of  the  soil 
was  still  the  same  as  before  or  less,  then  5  c.  e.  more  of  Ca(0H)2  was 
added.  If  the  freezing  point  depression  at  the  end  of  the  third  de- 
termination was  greater  than  that  of  the  preceding  that  indicated  that 
the  maximum  lime  requirement  of  the  soil  had  been  attained  and  sur- 
passed, i.  e.,  an  excess  of  lime  had  been  added.  From  the  difference  in 
the  depression  between  the  second  and  third  determination  it  could  be 
easily  estimated  what  would  be  the  approximate  lime  requirement,  and^ 
with  this  knowledge  as  a  guide  the  exact  quantity  was  determined  in  a 
second  sample  of  soil.  Thus,  for  example,  supposing  that  2  grams  of 
soil  plus  10  c.  c.  of  water  gave  a  depression  of  .010°  C.  Adding  5  c.  c.  of 
N/25  Ca(0H)2  to  the  mixture  the  depression  still  remained  at  .010°  C. 
Adding  5  c.  c.  more  of  Ca(0H)2  the  depression  changed  to  .012°  C,  or  a 
difference  of  .002°  C.  The  lime  requirement  of  this  soil,  therefore,  lay 
between  5  and  10  c.  c.  of  Oa(OH)2;  but  does  it  lie  nearer  the  5  or  10 
c.  c?  Information  concerning  this  point  could  be  obtained  by  knowing 
the  depression  of  5  and  10  c.  c.  of  N/26  Ca(OH)2  diluted  in  20  c.  c.  of 
distilled  water — the  amount  which  had  been  added  to  the  soil.  Suppos- 
ing the  depression  of  5  c.  c.  of  N/25  Ca(OH)2  in  20  c.  c.  of  distilled 
water  was  .020°  C,  and  10  c.  c.  in  20  c.  c.  of  water  was  .035°  O.  From 
these  figures  it  could  be  readily  judged  that  the  true  lime  requir^ent 


Digitized  by 


Google 


DIVISION  OF  SOILS. 


25 


was  closer  to  the  10  c.  c.  than  to  the  5  e.  c.  of  Ca(OH)2  since  the  change 
in  the  depression  was  only  .002''  C.  A  second  sample  of  soil  therefore, 
was  taken  and  instead  of  adding  5  c.  c.  of  Ca(OH)2  at  first  8  c.  c.  were 
added  and  then  the  additional  amounts  were  added  in  portions  of  1  c.  c. 
in  order  to  obtain  the  accurate  value.  If  a  soil,  however,  in  2  gram 
portion,  required  only  2  c.  c.  of  Ca(OH)2  and  were  added  to  it  at  first 
5  c.  c,  the  depression  in  the  second  determination  would  be  far  greater 
than  that  of  the  soil  plus  water  alone.  By  applying  the  same  principle 
as  above  as  to  whether  the  true  lime  requirement  lay  closer  to  2  or  5 
c.  c.  the  exact  amount  could  be  determined  in  a  second  sample  of  soil. 
After  one  is  accustomed  to  the  method,  however,  he  can  estimate  ac- 
curately almost  down  to  0.5  c.  c.>  without  having  to  employ  a  second 
sample  of  soil. 

From  the  above  detailed  description  of  the  procedure  of  the  method, 
it  might  appear  that  the  method  is  very  complicated,  tedious,  and  time- 
consuming.  Fortunately  none  of  these  objections  is  applicable  to  it.  On 
the  contrary,  the  method  is  very  simple,  extreuiely  rapid,  and  quite 
accurate. 

As  to  its  simplicity,  it  must  have  already  been  seen  from  the  descrip- 
tion that  there  is  practically  no  procedure  in  the  method  which  requires 
an  unusual  amount  of  skill  or  technique.  Anyone  who  has  never  per- 
formed freezing  point  determinations  might  imagine  that  the  method 
is  complicated  but  those  who  have  made  such  studies  will  readily  admit 
the  simplicity  of  operation  of  the  method. 

Probably  one  of  the  most  fj^vorable  virtues  of  this  method  is  its 
rapidity  of  execution.  As  it  is  now  developed,  the  freezing  point  method 
can  determine  the  lime  requirement  of  a  soil  from  10  to  15  minutes  if 
a  duplication  is  not  necessary.  It  has  determined  the  lime  requirement 
of  many  soils  in  less  than  10  minutes.  This  exceeding  rapidity  of  execu- 
tion lies  in  the  fact  that  by  bringing  the  tube  containing  the  soil  mix- 
ture in  direct  contact,  with  the  cooling  mixture  and  keeping  the  soil 
mixture  stirred  with  the  thermometer,  the  temperature  falls  very  rapidly, 
and  the  desired  super-cooling  is  attained  in  a  very  few  minutes, — as 
contrasted  with  the  long  time  that  it  takes  if  the  soil  were  cooled  in  the 
air  jacket. 

^  At  this  i)oint  the  question  may  be  raised  as  to  the  value  and  accuracy 
of  the  method  for  determining  the  lime  requirement  of  soils  in  such  an 
exceedingly  short  period  of  time,  since  the  reaction  between  the  Ca(0H)2 
and  the  soil  may  not  be  completed  in  that  short  period.  It  must  be 
declared  at  once  that  this  particular  point  was  subjected  to  a  thorough 
examination,  and  the  results  obtained  have  led  to  the  interesting  con- 
clusion that  the  reaction  between  the  Ca(0H)2  and  the  soil,  under  the 
condition  in  which  the  exi)eriments  are  performed,  is  exceedingly  rapid 
if  not  almost  instantaneous.  Many  experiments  were  performed  wherein 
the  soils  were  treated  with  slightly  larger  amounts  of  lime  than  they 
required,  as  determined  during  the  short  period  of  the  operation,  and 
allowed  to  stand  for  6  to  24  hours.  At  the  end  of  these  periods  the 
freezing  point  depression  showed  that  the  soils  did  not  take  up  any  more 
lime. 

The  remarkable  rapidity  of  the  completion  of  the  reaction  between  the 
soil  and  Ca(OH)2  is  supported  by  other  experiments  which  the  writer 
has  performed;  as  well  as  the  observations  of  other  investigators.  In 
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performing  experiments,  for  instance,  by  the  freezing  point  method  to 
determine  the  effect  of  application  of  soluble  chemical  compounds  upon 
the  concentration  of  the  soil  solution,  it  was  found  that,  with  few  ex- 
ceptions, the  magnitude  of  the  concentration  or  depression  produced,  im- 
mediately after  the  salt  solution  was  added  to  the  soil  and  at  the  end  of 
24  hours,  was  practically  the  same. 

In  studying  the  absorption  of  the  base  of  different  salts  by  the  soil, 
various  investigators  have  noticed  that  the  reaction  is  very  rapid. 
Especially  interesting  in  this  connection  is  the  work  of  Gedroiz^  upon 
the  speed  of  exchange  reaction  in  soils.  Gedroiz  found  that  the  Ca 
could  be  replaced  from  the  soil  by  NH4  and  Na  of  the  NH^Cl  and  NaCl 
salt  solutions  almost  immediately. 

From  all  these  evidences,  then,  it  might  be  accepted  as  an  established 
fact  that  the  reaction  between  the  soil  and  Ca(OH)2  is  completed  verj 
rapidly  if  not  almost  instantaneously,  and  that  practically  no  error 
enters  in  the  results  from  this  source. 

Besides  its  simplicity  and  exceeding  rapidity,  the  freezing  point  meth- 
od appears  to  be  also  quite  accurate,  at  least  from  the  practical  stand- 
point, in  determining  the  lime  requirement  of  soils.  The  accuracy  seems 
to  vary  directly  with  the  lime  requirement.  If  the  soil  requires  about  10,000 
pounds  CaO  per  2,000,000  pounds  of  soil  there  is  probably  an  error  of 
about  1,000  pounds  CaO.  If  on  the  other  hand,  the  soil  requires  only 
about  1,000  pounds  of  CaO  per  acre  the  error  is  probably  about  200  or 
300  pounds.  The  reason  that  the  total  error  is  greater  when  the  lime 
requirement  is  high  is  that  the  volume  of  water  present  is  large  and  the 
depression  caused  by  1  c.  c.  of  N/25  Ca(OH)2  for  instance,  is  small  as 
compared  to  that  when  the  volume  of  water  is  less.  Since  the  ther- 
mometer cannot  be  depended  upon  to  read  accurately,  closer  than  .002** 
0.  it  is  easier  to  make  a  greater  total  error,  although  a  smaller  percentage 
of  error,'  in  the  greater  lime  requirement  than  in  the  small. 

If  a  larger  amount  of  soil  were  used  doubtless  the  percentage  of  error 
in  both  cases  would  be  greatly  decreased.  By  using  only  2  grams  of 
soil  an  error  of  only  1  c.  c.  of  N/25  Ca(0H)2  is  equivalent  to  1,121.8 
pounds  of  CaO  in  2,000,000  pounds  of  soil.  The  reason  that  a  larger 
amount  of  soil  is  not  used  is  that  the  concentration  of  the  Ca(OH)2 
solution  cannot  be  increased  in  water  above  twenty-fifth  normality. 
Consetiuently,  it  is  necessary  to  add  a  large  amount  of  the  solution 
this  strength  to  the  soils  possessing  a  high  lime  requirement,  and  the 
soil  tube  being  of  small  volume  cannot  hold  all  the  mass  if  larger  amounts 
of  soil  were  used.  Of  course  a  tube  of  larger  volume  could  be  employed 
but  this  may  not  be  advisable. 

Mention  has  already  been  made  that  it  is  advisable  to  use  in  the  first 
determinations  lai^e  amounts  of  Ca(0H)2  in  order  to  obtain  the  limits 
more  quickly,  and  if  necessary  to  employ  smaller  quantities  in  a  second 
set  of  determinations  to  obtain  the  exact  amount  of  Ca(0B[)2  required. 
It  should  also  be  stated,  however,  that  it  is  not  advisable  to  add  less 
than  1  c.  c.  of  Ca(0H)2  in  the  case  of  soils  which  require  a  large  amount 
of  lime;  in  the  case  of  soils,  however,  which  take  up  about  1,000  pounds 
CaO  to  the  acre,  less  than  1  c.  c.  might  be  added  each  time.  The  reason 
for  not  adding  less  than  1  c.  c.  to  the  soils  which  possess  a  high  lime 
requirement  becomes  evident  from  what  has  already  been  said.   In  the 

(7)    Ru88.  J.  f.  Expt.  Landw.    Vol.  16.    No.  3,  1914. 
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first  place,  the  thermometer  cannot  be  depended  upon  to  read  accurately 
closr  than  .002°  C,  and  in  the  second  place,  less  than  1  c.  c.  of  N/25 
Ca(OH)2  in  a  large  volume  of  water  produces  such  a  small  depression 
that  it  might  not  be  detected.  It  is  just  as  accurate,  therefore,  to  add 
1  c.  c.  portions  and  estimate  the  tenths,  using  the  magnitude  of  the 
depression  as  a  guide. 

Finally,  the  sources  of  error  that  might  arise  from  the  thermometer 
and  the  cooling  bath  should  be  mentioned.  It  has  been  found  that  the 
reading  and  hence  the  standardization  of  the  thermometer  will  suddenly 
change.  This  does  not  happen  always,  but  it  does  occur  occasionally. 
If  the  change  should  occur  during  a  series  of  titrations  of  a  single  soil, 
and  the  determination  is  not  checked  by  a  second  sample  of  soil,  wrong 
results  will  of  course  be  obtained.  No  definite  explanation  can  be  offered 
for  this  sudden  change  of  the  thermometer.  It  should  be  stated,  how- 
ever, that  in  spite  of  this  occasional  uncertain  change  the  Beckmann 
thermometer  is  ideally  adapted  for  the  determination  of  the  lime  require- 
ment of  soils,  because  its  zero  point  is  automatically  determined  every 
10  or  15  minutes  and  for  every  soil  sample.  Furthermore,  after  one  is 
accustomed  to  the  character  of  the  results  he  can  generally  detect  any 
change  in  the  thermometer  that  has  taken  place.  It  might  be  stated  in 
passing  that  an  instrument  which  is  far  more  accurate  and  exceedingly 
more  sensitive  than  the  Beckmann  thermometer  is  the  thermo  element.  A 
thermo-element  can  be  readily  made  to  read  to  .0001°  C,  or  ten  times 
more  sensitive  than  the  Beckmann  thermometer.  This  instrument,  how- 
ever, is  not  very  convenient  to  use. 

For  the  determination  of  the  lime  requirement  of  soils  by  the  freezing 
point  method  it  has  been  found  essential  to  keep  the  temperature  of  the 
cooling  mixture  in  both  vessels  about  -2°  C.  If  the  temperature  of  the 
cooling  mixture  in  vessel  F,  where  the  soil  is  first  cooled,  is  greater 
than  -2°  C.  the  soil  will  commence  to  solidify  before  supercooling  has 
taken  place,  but  if  it  is  only  about  -2°  O.  the  soil  will  not  start  to  solidify 
until  it  is  supercooled  to  about  1°  C,  and  sometimes  it  can  even  be 
gently  stirred  while  it  is  supercooling. 

It  might  appear  that  the  procedure  of  stirring  the  soil  mass  with  the 
thermometer  itself  and  not  employing  a  r^ular  stirrer,  might  introduce 
some  error.  It  is  believed,  however,  that  no  measurable  error  arises  from 
.this  source.  The  use  of  the  thermometer  as  a  stirrer  is  of  great  con- 
venience. 

It  should  be  again  emphasized  that  the  soil  mass  must  be  thoroughly 
mixed,  care  must  be  exercised  that  the  bulb  of  the  thermometer  does  not 
touch  the  walls  of  the  tube,  and  that  the  thermometer  should  be  tapped 
before  the  final  reading  is  taken. 

If  the  above  procedure  is  carefully  followed,  it  is  firmly  believed  that 
any  scientific  man  can  determine  the  lime  requirement  of  soils  with  high 
accuracy  and  definiteness. 

Having  given  then  a  brief  exposition  of  the  principles  underlying  the 
method,  and  a  rather  detailed  description  of  the  apparatus  and  pro- 
cedure, the  presentation  of  the  experimental  data  obtained,  is  next  in 
order.  '  ,  .  v.  i 
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THB  LIMB  RE3QUIRBMB7NT  OP  SOILS. 


In  accordance  with  the  foregoing  method,  the  lime  re<iuirement  of  a 
large  number  of  soils  wslb  determined.  Some  of  these  soils  were  col- 
lected at  random  near  the  vicinity  of  this  Experiment  Station,  others 
came  from  different  parts  of  this  State,  and  still  others  were  specially 
obtained  from  other  States.  All  these  soils  received  no  other  treatment 
except  drying  in  the  air.  In  Table  5  there  are  presented  only  a  few  of 
the  soils  employed  and  their  respective  lime  requirement.  The  lime 
requirement  is  expressed  in  number  of  c.  c.  of  N/25  Ca(OH)2  taken  up 
by  2  grams  of  soil  and  in  pounds  of  CaO  in  2,000,000  pounds  of  soil  in 
the  case  of  the  mineral  soils,  and  1,000,000  pounds  in  the  case  of  the 
peats  and  mucks. 

TABLE  6.    LIME  REQUIREMENT  OF  SOILS. 


Soils. 


No.  c.  c. 
N/25Ca(OH)t 
abflorbed  by 
2  grs.  Soils. 


Pounds  CaO 
in 

2.000.000 
pounds  soil. 


1.  Quartz  sand  

2.  Kaolin  

3.  Heavy  silt  loam  (gray) ...... 

4.  Heavy  silt  loam  (black)  

6.  Heavy  clay  loam  (brown) . . . . 

6.  Heavy  silt  loam  (black)  

7.  Light  clay  loam  (black)  

8.  Heavy  silt  loam  (black)  

9.  Light  clay  loam  (gt&y)  

10.  Heavy  silt  loam  (gray)  

1 1 .  Light  silt  loam  (black)  

12.  Heavy  silt  loam  (gray)  

13.  Very  light  silt  loam  (black) .  . 

14.  Heavy  sandy  loam  (black) . . . 

15.  Light  silt  loam  (gray)  

16.  Coarse  sand  (brown)  

17.  Coarse  sand  f brown)  

18.  Medium  sand  (gray)  

19.  Light  sandy  loam  (black) . . . . 

20.  Very  fine  sandy  loam  (brown) 

21.  Heavy  sand  (brown)  

22.  Very  fine  sandy  loam  (brown) 

23.  Light  silt  loam  (black)  

24.  Light  silt  loam  (brown)  

25.  Light  silt  loam  (brown)  

26.  Light  silt  loam  (brown)  

27.  Light  silt  loam  (brown)  

28.  Peat  

20.  Peat  

80.  Peat  


0 

560.9 
6,780.8 
10,096.2 
9,535.3 

10,096.2 
6,730.8 
8,412.5 
4,487.3 
3,926.3 

3,996.3 

3,926.3 
3,926.3 
6,730.8 
10,096.2 

3,926.3 
6,730.8 
1.131.8 
2,243.6 
1,682.7 

3,926.3 
5,048.1 
2,243.6 
4,487.2 
4.487 .2 

4.487.2 
4.487.2 


30.0 
28.0 
30.0 


16,827.0 
15,705.2 
16,827.0 


An  examination  of  the  above  table  will  at  once  show  that  the  lime 
requirement  of  different  soils  varies  greatly,  according  to  the  freezing 
point  method,  the  amounts  varj^ing  from  0  in  the  case  of  pure  quartz 
sand,  to  10,096.2  pounds  in  heavy  loams,  to  16,827.0  pounds  in  peats,  of 
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CaO  per  acre.  It  appears  that  the  peats,  clay  loams  and  silt  loams  take 
up  larger  amounts  of  lime  than  the  sands  and  sandy  loams,  although  in 
some  cases  the  sands  and  sandy  loams  consume  as  much  as  the  clay 
loams,  and  silt  loams.  Soil  No.  17,  for  instance,  is  a  coarse  sand,  and 
its  lime  requirement  is  the  same  as  that  of  heavy  silt  loam  No.  3,  which 
is  6,730.8  pounds  CaO.  Soils  No.  20,  31,  and  32  were  obtained  from  the 
Rhode  Island  Experiment  Station  through  the  kindness  of  Director  Hart- 
well.  All  these  three  soils  were  considered  to  be  acid.  Soil  No.  22  re- 
fused to  produce 'satisfactory  crops,  according  to  Dr.  Hartwell.  This 
soil  may  be  classed  as  very  fine  sandy  loam  and  yet  its  lime  requirement 
is  very  high.  Soil  No.  15  is  a  light  silt  loam  and  was  kindly  furnished  by 
Prof.  A.  J.  Patten  of  this  Station.  It  was  considered  to  be  very  acid  as 
it  turned  the  blue  litmus  paper  red  and  showed  a  large  lime  requirement 
by  the  Veitch  method.  Soils  No.  24,  25,  26  and  27  are  light  silt  loams 
and  were  procured  from  the  Pennsylvania  Experiment  Station  plots 
through  the  kindness  of  Prof.  J.  W.  White.  All  these  soils  were  supposed 
to  be  acid.  Soils  No.  27,  29,  and  30  are  peats  and  show  a  tremendous 
lime  requirement.  The  amount  shown  above  is  based  upon  1,000,000 
pounds  of  soil ;  if  it  were  based  upon  2,000,000  pounds  as  in  the  case  of 
the  mineral  soils,  it  would  be  twice  as  large. 

In  order  to  see  how  the  above  lime  requirements  obtained  by  the  freez- 
ing point  method,  compared  with  those  by  the  Veitch  method,  Prof.  A.  J.  - 
Patten  kindly  determined  the  lime  requirement  of  soils  No.  3,  4,  15,  and 
16  by  the  latter  method.  These  values  are  contained  in  Table  6.  For 
direct  and  convenient  comparison  the  corresponding  values  indicated  by 
the  freezing  point  method  are  repeated  in  this  table. 


TABLE  6.    COMPARISON  OF  LIME  REQUIREMENT  OF  SOILS  BY  THE  VEITCH  AND 

FREEZING  POINT  METHODS. 


Pounds  CaO  per 
2.000,000  lbs.  soil. 

Freezing 

point 
method. 

Veitch 
method. 

SoUNo.  3  

6,730.8 
10,096.2 
10,096.2 

3,926.3 

660 
0 

3,780 
1,890 

Soil  No.  4  

BoU  No.  15  

Sou  No.  16  

It  is  readily  seen  that  the  results  yielded  by  the  two  methods  do  not 
at  all  agree.  The  freezing  point  method  indicates  a  far  greater  lime  re- 
quirement of  every  soil  than  the  Veitch  method. 

If  to  any  one  of  the  soils  contained  in  Table  5  is  added  only  half  of  the 
amount  of  CaO  indicated  by  the  freezing  point  method,  and  the  ratio  of 
soil  to  water  is  1  to  5,  the  red  litmus  paper  will  immediately  or  shortly 
turn  blue.  This,  however,  is  found  to  be  true  even  with  the  Veitch 
method,  and  it  is  a  pure  case  of  hydrolysis,  as  already  discussed. 

It  will  now  be  of  interest  to  ascertain  the  type  of  curve  that  the  various 
soils  in  Table  5  yield.  In  Table  7' there  are  presented  the  numerical 
data  of  a  few  examples  which  are  typical  of  the  various  classes  of  soil. 
These  results  are  graphically  represented  in  figures  6a,  6b,  6c  and  6d. 
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TABLE  7.    THE  FREEZING  POINT  DEPRESSION  OF  SOILS  TO  WHICH  WERE  ADDED 
VARIOUS  QUANTITIES  OF  Ca(OH)f. 
Reagents.  Depression. 

2  gm.  Soil  No.  3  plus  10  c.  c.  water  009*C 

plus  6  c.  c.  N/25  Ca(OH)s  009 

plus  1  c.  c.  N/25  Ca(OH)t  010 

plus  2  c.  c.  N/25  Ca(OH)f  016 

2  gm.  Soil  No.  4  plus  10  c.  c.  water  OlOf^ 

plus  8  c.  c.  N/25  Ca(OH)i  010 

plus  1  c.  c.  N/25  Ca(OH)t  012 

plus  3  c.c.  N/26  Ca(OH)i  020 

2  gm.  Soil  No.  9  plus  10  c.  c.  water  009*C 

plus  3  c.  c.  N/25  Ca(OH)i  009 

plus  1  c.  c.  N/25  Ca(OH)f  010 

plus  3  c.  c.  N/25  Ca(OH)f .  .  019 

1  gm.  Peat  No.  30  plus  10  c.  c.  water  010K5 

plus  14  c.  c.  N/26  Ca(OH)8  001 

plus  1  c.  c.  N/25  Ca(OH)f  002 

plus  5  c.  c.  N/25  Ca(OH)j  012 


It  is  clearly  evident  that  both  the  absorption  and  acid  cun-es  are  ob- 
tained. It  will  be  noted,  however,  that  only  the  peats  gave  an  acid  curve, 
while  the  mineral  soils  yielded  the  absorption  curve.  Since  the  above 
examples  are  presented  to  typify  the  general  character  of  curve  that  all 
the  different  soils  in  their  natural  condition  yielded,  then  it  will  at 
once  be  inferred  that  only  the  peats  and  mucks  yielded  the  acid  curve  while 
the  mineral  soils  gave  the  absorption  curve.  Indeed  nearly  80  different 
mineral  soils  have  been  tested  by  the  freezing  point  method  both  for 
their  lime  requirement  and  nature  of  their  acidity  and  in  no  case  was 
an  acid  curve  obtained.  This  array  of  soils  included  some  of  the  most 
acid  soils  of  the  Rhode  Island  and  Pennsylvania  experimental  plots. 
Chi  the  other  hand,  most  of  the  peats,  which  numbered  only  15,  and  col- 
lected at  random,  gave  an  acid  curve. 

Although  none  of  the  80  mineral  soils  tested  failed  to  give  an  acid 
curve,  it  cannot  be  concluded  that  universally  all  mineral  soils  will  act 
alike.  On  the  contrary  there  are  probably  some  mineral  soils  which 
would  give  an  acid  curve,  but  it  is  believed  that  such  soils  are  rare.  On 
the  other  hand,  probably  all  the  mineral  soils  under  humid  conditions  can 
be  induceti,  by  certain  treatments,  to  give  an  acid  curve,  as  will  be 
subsequently  shown. 

The  curve  yielded  by  the  mineral  soils  and  designated  for  convenience 
an  absorption  curve  is  of  great  significance  and.  warrants  a  thorough 
consideration.  Indeed,  this  type  of  curve  throws  light  upon  the  nature 
of  the  acidity  of  mineral  soils,  and  also  upon  the  theory  of  exchange  of 
bases  in  soils. 

In  the  first  place  this  absorption  curve  shows  that  the  Ca(OH)2  is 
removed  from  solution  or  taken  up  by  the  soil  as  fast  as  it  is  added  and 
is  rendered  inactive  as  far  as  the  freezing  point  depression  is  concerned, 
until  a  certain  point  is  reached  and  then  it  begins  to  remain  in  solution, 
or  if  it  is  still  taken  up,  it  replaces  something  else,  most  likely  another 
has?.  Now  the  substance  which  uses  up  the  Ca(OH)2  must  be  in  the 
solid  phase  and  not  in  the  liquid  phase,  for  if  it  were  in  the  liquid  phase 
the  depression  would  not  remain  constant.  If  the  substance  were  in 
solution  it  would  take  part  in  the  depression  produced  by  the  soil  plus 
the  water.  Upon  the  addition  of  Ca(0H)2  a  reaction  would  take  place- 
If  the  reaction  resulted  in  an  insoluble  product  the  substance  would 
be  removed  from  the  solution  and  thus  decrease  the  freezing  point  de- 
pression.  If,  on  the  other  hand,  the  reaction  resulted  in  a  soluble  corn- 
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pound,  the  depression  wonld  vary  according  to  the  degree  of  dissociation 
of  this  compound.  Again,  if  the  substance  were  in  solution,  then  the 
same  kind  of  curve  should  be  obtained  if  only  the  soil  solution  alone  was 
titrated  with  Ca(0H)2.  When  the  soil  extract  was  titrated  with  OaCOH)^ 
the  absorptive  curve  was  not  obtained.  The  type  of  curve  that  was  ob- 
tained, consisted  of  a  no-lime  absorption  or  alkaline  curve,  i.  e.,  the  de- 
pression began  to  rise  almost  immediately  upon  the  addition  of  a  small 
amount  of  Ca(OH)2  to  the  soil  extract. 

Hence  the  evidences  a/re  strongly  in  f<wor  of  the  view  that  the  GaiOH)^ 
is  taken  up  or  absorbed  J>y  a  substance  which  is  n4)t  in  solution  amd  does 
not  affect  the  freezing  point  depression.  Consequently  it  must  be  in  the 
solid  form. 

The  question  now  is,  if  the  substance  which  causes  the  disappearance 
of  the  Ca(OH)2  from  the  solution  is  solid,  what  is  its  chemical  and 
phj'sical  composition?  An  attempt  will  now  be  made  to  answer  this 
question. 

As  it  is  well  known,  the  mineral  soils  consist  largely  of  silica,  alumi- 
num, and  iron,  followed  in  smaller  amounts  by  calcium,  potassium, 
sodium  and  magnesium.  These  elements,  together  with  others,  combine  to 
form  polysilicates.  The  mineral  constituents  of  the  soil,  therefore,  con- 
sist of  salts  of  polysilicic  acids.  These  polysilicates  bting  salts  of  weak 
acids  with  strong  bases  hydrolyse  upon  being  dissolved  in  water,  and  the 
products  of  hydrolysis  consist  mainly  of  an  unhydroly^ed  salt,  a  base, 
and  an  acid.  The  acid,  which  consists  probably  of  silicic  acid,  alumina- 
silicates,  and  silica  is  more  or  less  insoluble.  The  bases,  however,  being 
more  soluble,  are  carried  away  by  the  drainage  system,  or  consumed  by 
the  plants,  or  are  dissolved  by  inorganic  and  organic  acids  that  might 
temporarily  be  formed  in  the  soil.  The  residue  left  behind,  therefore,  con- 
sists mainly  of  silica,  acid  alunrino-silicates,  and  silicic  acid.  These  com- 
pounds possessing  a  high  reactivity  for  Ca(OH)2  win  absorb  it  imme- 
diately upon  its  being  offered  to  them,  and  combine  with  it  to  form  cal- 
cium silicates.  The  calcium  silicates  are  difficultly  soluble. 

Hence,  it  appears  from  all  evidences,  that  the  substance  which  causes 
the  disappearance  of  the  Ca(0H)2  from  solution  consists  mainly  of 
silica,  acid  alumino-silicates,  and  silicic  acid.  This  view  is  strongly  sup- 
ported by  the  investigation  of  Mclntire,  Willis  and  Hardy®.  These  in- 
vestigators in  conducting  a  study  to  determine  the  factors  influencing  the 
lime  requirement  determinations,  found  that  whan  different  soils  were 
treated  with  large  amounts  of  GaOOi,  and  MgCOg,  these  compounds 
were  soon  decomposed  by  the  silica,  acid  silicates  and  titanium  oxide, 
the  OO2  being  dissipated,  and  the  Ca  and  Mg  radicals  combined  with  the 
above  acids  to  form  calcium,  and  magnesium  silicates  and  calcium  and 
magnesium  titanate. 

On  the  other  hand,  these  silica,  acid  silicates,  and  silicic  acid,  must  be 
in  some  particular  physical  form,  probably  in  the  hydrated  and  colloidal 
condition,  otherwise  they  do  not  seem  to  show  any  reactivity  towards 
the  Ca(OH)2.  Thus,  for  instance,  quartz  sand  both  in  medium  size  and 
in  extremely  fine  powdered .  form  takes  up  practically  no  Ca(OH)2. 
Again,  any  of  the  mineral  soils  which  shows  a  very  high  lime  requirement 
absorbs  practically  no  Ca(0H)2  after  it  is  burned. 

While  the  absorption  of  the  Ca(0H)2  may  be  attributed  mainly  to  the 

(8)    Univ.  Tenn.  Agr.  Expt.  Sta.  BuU.  107.  1914. 
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colloidal  hydrated  silica,  acid  alumino  silicates,  silicic  acid,  and  insoluble 
organic  matter,  in  the  case  of  the  mineral  soils,  in  the  case  of  peats  and 
mucks,  however,  it  might  be  partly  assigned  to  the  soluble  oi^nic 
acids  and  humus  substances,  and  partly  to  organic  insoluble  acids  and 
humus  substances. 

Hence,  the  dcidity  or  lime  reqmrement  of  9oils  nii-ght  he  dsorihed  almost 
entirely  to  imolulle  hydrated  silicic  acid,  acid  alummo-silicates,  silica^ 
and  organic  insoliibh  substances  in  the  case  of  the  mineral  soUs,  and  to 
organic  soluble  acids  and  humus  substances^  and  organic  insoluble  acids 
and  humus  substances  in  the  case  of  peats  and  mucks. 

Referring  once  more  to  the  absorption  curve  of  the  mineral  soils,  it 
will  be  at  once  concluded  that  no  exchange  of  bases  takes  place  in  the 
soil,  when  it  is  treated  with  Ca(0H)2,  until  it  is  saturated  with  this 
base.  Hence,  while  an  exchange  of  bases  may  take  place  when  the  soil  5s 
treated  with  a  neutral  salt,  such  an  exchange  does  not  immediately  occur 
when  a  free  base  is  used. 

Another  very  interesting  phenomenon  in  connection  with  the  absorp- 
tion cur\'e  is  the  fact  that  the  depression  of  the  freezing  point  remains 
constant  with  the  increase  in  the  volume  of  water  present.  Thus,  just 
before  the  soil  is. completely  saturated  or  satisfied  with  Ca(0H)2,  the 
volume  of  water  is  increased  in  some  cases  almost  twice  and  yet  the 
lowering  of  the  freezing  point  is  the  same.  It  appears  that  when  the 
solution  of  the  soil  is  very  dilute  the  freezing  point  depression  is  not 
perceptibly  affected  even  with  considerable  increase  in  the  volume  of 
water.  Thus  2  grams  of  soil  in  10  c.  c.  of  water  give  a  lowering  of  the 
freezing  point  of  .010°  C.  Practically  the  same  lowering  of  the  freezing 
point  is  obtained  when  the  same  quantitv  of  soil  is  treated  with  20  c.  c. 
of  water.  Even  in  pure  salt  solutions  the  freezing  point  depression  re- 
mains almost  constant  with  large  dilutions,  if  the  original  solutions  are 
very  dilute.  Thus,  MgSO^  at  a  certain  concentration  gave  a  depression 
of  .010°  O.  Upon  adding  to  10  c.  c.  of  this  solution  10  c.  c.  of  water,  the 
depression  changed  to  .008°  C,  or  a  difference  of  only  .002°  C.  These  re- 
sults might  be  expected  in  the  case  of  electrolytes. 

Before  concluding  this  part  of  the  investigation,  on  the  lime  require- 
ment of  soils,  a  brief  discussion  should  be  devoted  to  the  character  of  the 
reaction  that  is  involved  between  the  Ca(0H)2  and  the  various  soils, 
that  is  to  say,  is  the  reaction  a  chemical  or  a  physical  one?  It  should 
be  at  once  stated  that  it  appears  to  be  both  but  the  major  part  appears 
to  be  chemical.  That  probably  it  is  not  entirely  physical  may  be  men- 
tioned the  following  facts:  (i)  The  quantity  of  lime  taken  up  by  the 
various  soils  is  too  great  to  be  accounted  for  entirely  by  surface 
phenomena ;  surface  alone  does  not  appear  to  be  the  predominant  cause 
of  the  absorption  because  kaolin  and  quartz  sand  may  be  ground  almost 
as  fine  as  many  of  the  clay  loams  here  employed  and  yet  their  lime  re- 
quirement is  practically  negligible.  (2)  The?  curves  obtained  are  not 
adsorption  curves;  the  adsorption  curves  are  smooth  equilibrium  curves 
and  consequently  do  not  have  such  abrupt  breaks  as  indicated  in  the 
foregoing  curves.  (3)  There  is  no  fundamental  reason  why  the  phe- 
nomenon cannot  be  chemical. 

Lastly,  the  question  may  be  asked,  is  it  necessary  and  economical  to 
add  to  the  soil  all  the  amount  of  lime  according  to  the  freezing  point 
method;  it  requires?    As  previously  declared,  this  question  will  ulti- 
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mately  have  to  be  decided  in  the  field,  using  the  plant  as  indicator.  All 
that  is  claimed  is  that  the  freezing  point  method,  as  a  laboratory  method, 
seems  to  indicate  the  true  lime  requirement  of  the  soil.  Btf  trm  lime  re- 
quirement is  meant  the  maximum  specifio  activity  that  the  different  soils 
have  for  lime.  In  this  maanmnm  lime  requwement  there  is  included  the 
lime  that  is  necessary  to  neutralize  any  free  soluble  acids  and  add  salts, 
and  the  lime  that  the  soil  requires  to  satisfy  its  ahsorptUm-adsorption 
properties.  Now  it  is  possible  that  this  method  indicates  altogether  too 
high  lime  requirement  and  when  the  plants  are  used  as  indicators  it 
might  be  found  that  the  plants  can  make  just  as  good  growth  with 
smaller  amounts  as  they  can  with  the  maximum.  On  the  other  hand  it 
should  be  strongly  emphasized  that  this  method  does  not  give  altogether 
too  abnormally  high  lime  rebuirements.  Indeed  the  maximum  amounts 
indicated  are  quite  in  accord  Tvith  some  of  the  maximum  applications 
that  many  soil  authorities  advise.  Thus  Hopkins*  states:  "It  may  be 
said,  however,  that  10  tons  of  ground  limestone  per  acre  would  not  only 
do  no  harm,  but  would  probably  produce  somewhat  larger  crops  than 
any  lighter  application.  As  much  as  10  tons  per  acre  has  been  applied 
on  an  experiment  field  in  southern  Illinois,  and  the  crop  yields  on  that 
field  have  been  larger  during  the  last  three  years  than  on  any  other  ex- 
l)eriment  field  in  that  area.  Two  to  four  tons  per  acre,  however,  have 
■usually  produced  much  benefit." 

In  a  recent  publication  by  Blair^®  the  following  statements  are  made 
in  regard  to  the  amounts  of  lime  that  might  be  applied  to  New  Jersey 
soils:  "With  general  farm  crops  on  a  loam  to  clay  loam,  1,500  to  2,000 
pounds  of  burned  lime  may  be  considered  a  moderate  application.  For 
alfalfa,  2,500  to  3,000  pounds  could  safely  be  used.  For  sands  and  sandy 
loams,  1,000  to  1,500  pounds  would  be  a  safe  application.  If  the  soil  is 
known  to  be  very  acid  or  to  contain  a  great  deal  of  organic  matter,  a 
somewhat  heavier  application  could  be  made,"  etc.  Further  on  he  says: 
"On  wet  land  and  muck  lands  as  much  as  5,000  to  10,000  pounds  of 
lime  may  be  required  to  correct  the  acidity." 

It  is  evident,  therefore,  that  the  maximum  lime  requirements  indicated 
by  the  freezing  point  method  certainly  appear  to  be  in  accordance  with 
some  of  field  practices. 


In  the  last  section  the  absorption  of  Ca(OH)2  by  different  soils  was 
considered.  It  will  now  be  of  great  interest  to  ascertain  the  absorption 
by  the  same  soils  of  other  bases,  namely  KOH,  NaOH,  and  NH^OH.  The 
absorption  of  these  bases  by  the  various  soils  represented  in  Table  5  was 
determined  exactly  in  the  same  way  as  that  of  Ca(OH)2  already  con- 
sidered. The  solutions  of  these  hydrates  were  diluted  to  such  an  extent 
that  their  freezing  point  depression  was  about  the  same  as  that  of 
Oa(OH)2 — a  little  over  .100°  C.  Their  strength,  however,  was  determined 
by  titration  and  the  necessary  calculations  made  therefrom.  Table  8  con- 
tains the  amount  of  these  bases  taken  up  by  the  same  soils  used  in  the 
csise  of  Ca(OH)2.  The  quantity  absorbed  is  expressed  in  number  of  c.  c. 
of  the  hydrate  per  2  grams  of  soil.  For  convenient  and  direct  compari- 
son the  required  Ca(0H)2  by  the  same  soils  is  also  reproduced  in  this 
table. 

(9)   Soil  Fertility  and  Permanent  Agriculture,  1910,  p.  173. 
(10)   Circular  54,  New  Jersey  Agr.  Expt.  Sta.,  1916.  ^  1 
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TABLE  8.   THE  ABSORPTION  OF  DIFFERENT  HYDRATES  BY  VARIOUS  SOILS. 


Kind  of  Soil. 


No.  c  c.  N/25  Hydrate  absorbed 
by  2  grams  of  Soli. 


Ca(OH)s 

KOH 

NaOH 

NH4OH 

6.0 

5.5 

2.4 

2.1 

9.0 

5.5 

4.8 

2.6 

8.5 

5.5 

5.0 

2.4 

9.0 

5.5 

5.0 

2.5 

6.0 

2.5 

2.4 

1.2 

7.5 

2.5 

2.4 

2.1 

4.0 

2.5 

2.4 

1.8 

3.6 

2.6 

2.4 

1.8 

3.6 

2.5 

1.8 

0.0 

3.5 

2.5 

1.8 

1.2 

3.5 

2.5 

1.8 

1.2 

6.0 

2.5 

2.4 

1.5 

1.  Heavy  silt  loam  (gray) .  .  . . 

2.  Heavy  silt  loam  (black)  

3.  Heavy  clay  loam  (brown) . . 

4.  Heavy  silt  loam  (black)  

5.  Light  clay  loam  (black)  

6.  Heavy  silt  loam  (black)  

7.  Light  clay  loam  (gray) . . .  . 

8.  Heavy  silt  loam  (gray) .  .  .  . 

9.  Light  silt  loam  (black)  

10.  Heavy  silt  loam  fgray) .  .  . . 

1 1 .  Very  light  silt  loam  (black) 

12.  Heavy  sandy  loam  (black) . 


The  foregoing  data  reveal  at  once  the  remarkable  fact  that  the  amount 
of  base  taken  up  by  any  one  soil  differs  markedly  with  the  various  bases. 
In  other  words,  the  soils  do  not  absorb  the  various  bases  in  chemically 
equivalent  quantities.  All  soils  take  up  Ca(OH)2  in  greatest  quantity 
followed  by  KOH,  NaOH,  and  NH^OH  in  order  respectively.  The  various 
soils,  also,  do  not  absorb  these  various  hydroxides  in  the  same  relative 
ratio. 

Evidently,  therefore,  each  soil  possesses  a  specific  reactivity  for  the 
different  hydroxides. 

It  will  now  be  of  interest  to  ascertain  whether  a  soil  which  is  already 
satisfied  with  one  base  will  still  take  up  other  bases.  That  is  to  say,  if 
a  soil  is  satisfied  with  the  amount  of  NH^OH  it  requires,  will  it  take  up 
any  more  of  (^^(OH),  and  verm.  To  obtain  information  upon  this 
question  the  problem  was  attacked  in  the  following  manner:  The  exact 
requirement  of  a  soil  for  Ca(0H)2,  KOH,  NaOH,  and  NH^OH  was  first 
ascertained  in  the  usual  manner.  Then  to  this  soil  was  added  a  little 
more  than  the  true  requirement  of  any  one  base  and  its  freezing  point 
depression  determined.  To  this  mixture  was  then  added  various  quanti- 
ties of  another  base  until  the  depression  began  to  change.  If  the  de- 
pression began  to  change  immediately  upon  the  addition  of  a  small 
amount  of  the  second  base  then  it  was  considered  that  the  soil  would  not 
<ake  up  another  base,  i.  e.,  cause  it  to  disappear.  Some  of  the  data  ob- 
tained ai*e  as  follows: 

2  gm.  Soil  No.  1  originally  required  6  c.  c.  N/25  Ca(OH)2  to  cause 
change  in  de])ression,  required  onlv  1  c.  c.  after  it  received  2.5  c.  c. 
N/25  NH.OH. 

2  gm.  Soil  No.  2  originally  required  9  c.  c.  N/25  Ca(0H)2  to  cause 
change  in  depression,  required  onlv  1.5  c.  c.  after  it  received  3  0,  c. 
N/25  NH.OH. 

2  gm.  Soil  No.  8  required  8.5  c.  c.  N/25  Ca(OTI)2  to  cause  change  in 
the  depression,  required  only  1.5  c.  c.  after  it  received  3  c.  c.  N/25  NH^OH. 

2  gm.  Soil  No.  1  originally  required  5.5  c.  c.  N/25  KOH  to  cause 
change  in  the  depression,  required  onlv  1  c.  c.  after  it  received  7  c.  c. 
N/25  Ca(On)2. 

2  gm.  Soil  No.  2  originally  required  5.5  c.  c.  N/25  KOH  to  cause 
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change  in  depression,  required  only  1  c.  e.  after  it  received  10  c.  c. 
N/25  Ca(OH)2 

2  gm.  Soil  No.  3  originally  required  .  5.5  c.  c.  N/25  KOH  to  cause 
change  in  the  depression,  required  only  1  c.  c.  after  it  received  9  c.  c. 
N/25  Ca(0H)2. 

2  gm.  Soil  No.  1  originally  required  6  c.  c.  N/25  Ca(OH)2  to  cause 
change  in  depression,  required  only  1  c.  c.  after  it  received  6  c.  c. 
N/25  KOH. 

2  gm.  Soil  No.  2  originally  required  9  c.  c.  N/25  Ca(0H)2  to  cause 
change  in  depression,  required  only  1.5  c.  c.  after  it  received  6  c.  c. 
N/25  KOH. 

2  gm.  Soil  No.  3  originally  required  8.5  c.  c.  N/25  Oa(OH)2  to  cause 
change  in  depression,  required  only  1.5  c.  c.  after  it  receiv^  6  c.  c. 
N/25  BOH. 

It  becomes  at  once  evident  from  the  above  tabulated  data,  therefore, 
that  when  a  soil  is  saturated  or  satisfied  with  a  particular  base  it  will 
absorb  very  little  if  any  of  another  base,  even  though  the  various  bases 
are  absorbed  in  non-equivalent  amounts. 

On  the  other  hand,  when  a  -soil  is  only  partly  satisfied  with  one  base  it 
will  take  up  a  correspondingly  large  amount  of  another.  Thus  for  in- 
stance, when  a  soil  in  2  gm.  portion  required  and  received  3.5  c.  c. 
N/25  KOH,  the  addition  of  only  1  c.  c.  N/25  CafOH).  caused  a  change 
in  the  depression.  On  the  other  hand,  when  only  2.5  c.  c.  N/25  KOH  was 
added  to  this  soil,  it  required  7  c.  c.  N/25  Ga(OH)2  to  cause  a  change  in 
the  depression.   This  was  true  in  the  case  of  all  bases. 

Just  what  is  the  true  explana-tion  of  this  unequal  absorption  of  the 
various  hydrates  by  the  same  kind  of  soils  cannot  be  stated  at  this  time. 
It  is  evident,  however,  that  it  follows  some  definite  and  significant  laws. 
The  problem  is  under  special  investigation  and  it  is  hoped  the  true  ex- 
planation will  be  discovered. 

Finally,  it  should  be  stated  that  this  unequal  absorption  of  the  various 
hydrates,  does  not  appear  nt  present  to  be  a  point  against  the  freezing 
I>oint  method,  for  determining  the  lime  requirements  of  soils.  On  the 
contrary,  it  points  to  some  phenomena  which  promise  to  be  of  significant 
theoretical  interest  and  of  important  practical  value. 

EFFECT  OF  ACIDS  AND  ACm  SALTS  UPON  TIIB  LIMB  REQUIREMENT  OF  SOII^S. 

Thus  far  the  lime  requirement  of  only  natural  untreated  soils  has 
been  considered.  The  question  will  now  be  taken  up  of  the  effect  of 
acids,  acid  salts,  and  neutral  salts  upon  the  lime  requirement  of  soils. 
Since  the  data  dealing  with  the  acid  and  acid  salt  treatments  illustrate 
certain  fundamental  principles  which  are  necessary  for  a  convenient  and 
successful  discussion  of  the  data  pertaining  to  the  neutral  salt  treat- 
ments, they  will  be  considered  first. 

The  research  on  the  effect  of  acids,  and  acid  salts  upon  the  lime  re- 
quirement of  soils  consisted  (1)  of  adding  to  2  grams  of  soil  various 
amounts  of  inorganic  and  organic  acids,  and  inorganic  acid  salts  and 
then  determining  its  lime  requirement;  and  (2)  treating  the  soil  with  an 
excess  of  acid,  then  washing  it  with  water,  drying  it  in  the  air,  and  its 
lime  requirement  determined.    In  Table  9  there  are  presented  the  lime 
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requiranents  of  four  different  soils  to  which  were  added  10  c.  c.  of  dilute 
(about  N/100)  HCl  and  dilute  AljCNOg)^  in  2  gm.  portion  of  soil,  and 
also  the  requirement  before  treatment.  These  data  will  serve  to  typify 
the  general  results  that  were  obtained  by  treating  different  soils  with 
H2SO4,  HNO3,  AICI3,  Fe{my^)^.  etc.  Table  10  contains  the  lime 

requirement  of  three  different  soils  which  were  treated  with  an  excess 
of  dilute  (N/lOp)  HCl  and  then  washed  and  dried. 


TABLE  9.  LIME  REQUIREMENT  OF  SOILS  TO  WHICH  WERE  ADDED  HCl  AND  AI»(NO>)». 


Soil. 


HCl 


c.c.  N/25 
(^a(OH)j 
per  2  gm. 
soil. 


Pounds 

CaO 
per  acre. 


Al8(NO,)« 


c.c.  N/25 
Ca(OH), 
per  gm.  2 
soil. 


Pounds 

CaO 
per  acre. 


Soil  No.  1  before  treatment 
Soil  No.  1  after  treatment . 
Soil  No.  2  before  treatment 
Soil  No.  2  after  treatment . 
Soil  No.  3  before  treatment 
Soil  No.  3  after  treatment . 
Soil  No.  4  before  treatment 
Soil  No.  4  after  treatment .  . 


6 

6,730.8 

9 

5 

10,667.1 

9 

10.096.2 

12 

5 

14,022.5 

8 

5 

•  9.535.3 

12 

13,461.6 

4 

4,487.2 

7 

5 

8.413.5 

6 
11 

9 
14.5 


6.730.R 
12.339  8 
10.096  2 
15,144  3 


TABLE  10. 


LIME  REQUIREMENT  OF  SOILS  WHICH  WERE  TREATED  WITH  DILUTE 
HCl.  WASHED,  AND  DRIED. 


Soil. 


Pounds 

CaO 
per  acre. 


Soil  No.  1  before  treatment 
Soil  No.  1  after  treatment . 
Soil  No.  2  before  treatment 
Soil  No.  2  after  treatment .  , 
Soil  No.  3  before  treatment 
Soil  No.  3  after  treatment . . 


6,730  8 
8.974.4 
10.096  3 
13.461  6 
9.525  3 
12.339.8 


Considering  first  the  data  in  Table  9  it  will  be  immediately  seen  that 
the  presence  of  10  c.  c.  of  either  HCl  or  AljCNO,),  in  2  gram  portion 
of  soil  inc^ased  the  lime  requirement  markedly.  In  the  case  of 
the  HCl  the  increase  over  the  untreated  soils  is  about  the  same  for  all 
soils  and  amounts  to  about  3  c.  c.  N/25  Ca  (OH)2  or  about  3,365  pounds 
GaO  per  acre.  In  the  case  of  the  Al2(N03)„  the  magnitude  of  the  in- 
crease is  also  approximately  the  same  for  all  soils,  and  is  about  5  c.  c. 
of  N/25  Ca(OH)2  or  5,609  pounds  CaO  per  acre. 

In  many  experiments  not  here  repeated  the  amounts  of  HCl  or 
Al2(N03)«  added  to  2  grams  of  soil  were  gradually  increased  from  0  to 
10  c.  c.  by  2  c.  c.  portions.  In  every  case  the  lime  requirement  of  the 
soil  increased  directly  with  tlie  amount  of  the  acid  or  acid  salt  added. 

The  magnitude  of  the  increase  of  the  lime  requirement  of  the  soils 
appears  to  be  approximately  equal  to  the  amount  of  lime  required  to 
neutralize  the  quantity  of  the  acid  or  acid  salt  added.  Thus,  10  c.  c.  of 
HCl  of  the  strength  employed  required  2.8  c.  c.  of  N/25  Ga(OH)j  to  he 
neutralized,  while  10  c.  c.  of  AlgCNOg)^  solution  took  up  nearly  6  c.  c.  of 
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N/25  (ya(OH)2  before  a  change  in  the  color  of  the  indicator  occurred, 
using  phenolphthalein  as  indicator.  Practically  identical  results  were  ob- 
tained when  the  titration  of  the  acid  and  acid  salt  was  performed  by  the 
freezing  point  method. 

Besides  the  HCl,  and  AljCNOa)^  other  acids  and  acid  salts  were  used, 
such  as  HNO3,  H2SO4,  AlCls,  Fe(N08)8,  etc.  The  data  obtained  coincide 
in  principle  with  those  above. 

Referring  now  to  Table  10,  which  contains  the  lime  requirement  of 
soils  which  were  treated  with  HCl,  then  washed  and  dried,  it  will  be 
observed  that  even  this  form  of  treatment  increased  the  lime  require- 
ment.  The  increase  in  all  soils  is  considerable. 

In  the  case  of  the  unwashed  soils  to  which  were  added  the  acid  or 
acid  salts,  the  freezing  point  depression  decreased  with  successive  addi- 
tions of  Oa((>H)2  until  a  point  was  reached,  the  neutralization-absorption 
point,  and  then  it  l)egan  to  increase  with  further  addition  of  the  base. 
The  data  then  plotted  into  an  acid  curve  similar  to  that  obtained  when 
the  acid  and  acid  salt  were  titrated  by  the  same  hydrate.  If  there  was 
present  only  a  very  small  amount  of  the  acid  or  acid  salt,  however,  this 
acid  curve  could  not  be  obtained,  at  least  very  pronouncedly,  which 
would  be  naturally  expected. 

In  the  case  of  the  soils,  however,  which  were  treated  with  an  excess 
of  acid  and  then  washed  for  long  time,  the  freezing  point  depression  re- 
mained constant  with  successive  additions  of  Ca(0H)2  until  a  certain 
amount  was  added  and  then  ijt  began  to  increase.  The  results  then 
plotted  into  an  absorption  curve  similar  to  that  of  the  untreated  soils. 
The  acid,  or  the  substance  which  produced  the  acid  curve,  when  the  soils 
were  treated  with  an  acid,  was  evidently  removed  by  washing  with  water, 
although  an  increase  in  the  lime  requirement  still  remained. 

The  foregoing  general  facts  finally  led  to  the  desire  to  ascertain  whether 
the  strength  of  an  acid  changes  when  it  is  added  to  a  soil  which  shows  a 
large  lime  requirement  by  the  freezing  point  method.  For  obtaining  in- 
formation upon  this  question  the  following  experiment  was  performed. 
A  soil  which  showed  a  lime  requirement  of  about  10,000  pounds  CaO 
per  acre  was  treated  with  N/100  HCl  in  the  ratio  of  10  grams  of  soil  to 
50  c.  c.  of  the  acid.  The  mixture  was  stirred  thoroughly  for  a  few 
minutes  and  allowed  to  stand  until  the  supernatant  liquid  was  clear. 
Then  about  15  c.  c.  of  this  supernatant  liquid  was  taken,  without  filter- 
ing, and  titrated  with  CaCOH),,  according  to  the  freezing  point  method. 
To  our  surprise  it  was  discovered  that  this  supernatant  liquid  failed  to 
give  an  acid  curve,  and  the  depression  began  to  increase  almost  imme- 
diately upon  adding  about  2  c.  c.  N/25  Ca  (OH)  2,  indicating  that  the 
liquid  contained  very  little  if  any  acid.  Some  more  of  the  supernatant 
liquid  was  taken  out  and  tested  for  acidity  with  the  litmus  paper.  True 
enough  the  liquid  was  neutral  or  very  slightly  acid.  It  was  at  once  sug- 
gested that  the  acid  or  substance  which  gives  the  acid  curve  must  be 
in  the  soil  mass.  All  the  remaining  supernatant  liquid  then  was  poured 
off,  the  soil  placed  in  the  freezing  point  tube  and  titrated  in  the  regular 
manner.  The  results  gave  an  acid  curve  as  usual.  These  results  then 
tended  to  confirm  the  above  suspicion  that  the  acid  must  be  in  the  soil 
and  very  little  if  any  of  it  is  diffused  or  represented  in  the  solution  which 
bathes  the  soil.  Now  if  that  is  the  case,  it  was  reasoned,  the  blue  litmus 
paper  should  turn  red,  when  brought  in  intimate  contact  with  the  soil 
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mass.  This  was  tried  and,  true  to  the  prediction,  the  blue  litmus  paper 
did  turn  red.  The  case  then  according  to  these  series  of  experiments 
stood  as  follows:  A  soil  in  the  natural  condition  showed  a  very  high 
lime  requirement  according  to  the  freezing  point  method,  and  gave  an 
absorption  curve.  When  this  soil  was  treated  with  an  excess  of  acid,  the 
supernatant  liquid  was  almost  neutral  both  according  to  the  freezing 
point  method  and  the  litmus  paper  test,  while  the  sediment  or  soil  mass« 
was  acid  to  the  litmus  paper  and  gave  an  acid  curve  with  the  freezing 
point  method.  When  this  sediment  was  washed  with  water  the  acid  or 
substance  which  yielded  the  acid  cun^e  and  which  was  not  equally  repre- 
sented in  the  supernatant  liquid,  disappeared. 

The  above  series  of  experiments  were  repeated  a  great  number  of  times 
using  different  soils,  including  some  of  the  acid  soils  from  the  Rhode 
Island  P]xperiment  Station  plots,  and  various  inorganic  acids,  with  ex- 
actly the  same  result. 

To  many  soils  were  added  as  much  as  60  c.  c.  N/100  HCl  to  10  grams 
portions,  without  the  supernatant  liquid  turning  the  blue  litmus  paper 
red,  at  least  not  immediately.  Many  of  these  litmus  paper  tests  were  re- 
peated and  verified  by  Prof.  A.  J.  Patten  and  Prof.  M.  M.  McCool. 

After  the  foregoing  series  of  experiments  were  completed  there  ap- 
I)eared  an  article  by  Rice^  entitled  "Soil  Studies."  In  this  paper  Rice 
presents  data  on  the  basic  exchange  between  soils  and  salt  solutions  as 
measured  by  the  hydrogen  ion  concentration  method.  In  connection 
with  these  studies  he  mentions  a  single  experiment  in  which  he  shook 
two  soils,  which  responded  strongly  to  all  the  usual  tests  for  soil  acidity, 
with  three  times  their  quantity  of  N/100  HNO3.  He  found,  according 
to  the  hydrogen  ion  concentration  method,  that  the  strength  of  the 
acid  added  had  been  considerably  reduced  after  contact  with  the  soil. 
In  conclusion  he  says:  "Hence,  even  acid  soils  may  neutralize  acids  to 
some  extent.  Whether  or  not,  in  addition,  some  of  the  acid  was  adsorbed 
by  the  soil  was  not  determined." 

It  mny  te  accepted  then  ds  an  estahlished  fact  that  when  a  soU,  which 
takes  up  a  large  amount  of  lime,  is  treated  with  an  excess  of  acid,  up 
to  a  certain  extent,  the  supernatant  liquid  maAf  he  neutral  or  only  slightly 
acid,  while  the  soil  mass  itself  is  strongly  acid  to  litmus  paper  and  gives 
an  acid  curve  uyith  the  freezing  poi^it  method. 

The  interesting  question  now  is,  how  may  this  phenomenon  be  ex- 
plained? The  question  of  neutralization  of  the  supernatant  liquid 
could  be  dispensed  with  at  once  by  assuming  that  the  bases  of  the  soil 
neutralized  the  acid.  But  how  about  the  acid  remaining  in  the  soil 
itself?  It  must  be  immediately  declared  that  no  satisfactory  explanation 
can  be  offered  at  this  time  for  the  latter  phenomenon.  The  problem  is 
under  special  investigation  and  it  is  hoped  to  discover  the  true  explana- 
tion.  The  following  facts,  however,  should  be  recorded  at  this  time: 

The  acid  which  remains  in  the  soil  mass  and  causes  an  acid  curve  to 
be  obtained  must  be  in  solution,  on  two  main  grounds,  (1)  it  can  be  re- 
moved very  readily  by  washing  with  water  and  (2)  it  affects  the  freezing 
point  depression,  since  on  being  neutralized  with  Ca(0H)2  the  depres- 
sion of  the  soil  is  decreased,  indicating  that  the  acid  combines  with  the 
base  to  form  an  insoluble  compound  and  thereby  is  removed  from  solu- 
tion,  or  to  form  a  soluble  salt  which  has  a  lower  d^ree  of  dissociation 

•J.  Phy.  ChBm.,  20,  214,  (1916). 
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than  itself.  But  how  and  why  should  this  soluble  acid  remain  in  the 
soil  mass  and  not  diffuse  in  the  supernatant  liquid  which  bathes  the  soil 
mass  and  thus  be  equally  distributed?  How  is  the  law  of  equilibrium 
satisfied? 

It  was  thought  that  if  the  soil  held  this  soluble  acid  by  some  means — 
adsorption  or  occlusion — and  did  not  allow  it  to  diffuse  equally  into  the 
supernatant  liquid — which  is  contrary  to  the  law  of  equilibrium — ^then 
there  should  be  a  difference  of  concentration  between  the  supernatant 
liquid  and  the  sediment.  This  point  could  be  easily  verified  simply  by 
determining  the  freezing  point  depression  of  the  clear  supernatant  liquid 
and  of  the  sediment.  The  experiment  was  performed  but  the  results  showed 
that  there  was  no  difference  in  the  depression  between  the  solution  and 
the  soil — ^indicating  probably  that  the  acid  might  not  be  free  and  in  the 
liquid  phase,  or  if  it  were,  it  had  replaced  or  caused  something  else  to 
go  into  solution,  so  that  there  was  an  equilibrium  between  the  super- 
natant liquid  and  the  soil  mass,  as  far  as  concentration  is  concerned,  but 
not  in  composition. 

Whatever  the  explarvation  should  prove  to  he,  this  phenomenon  cer- 
tainly appears  to  he  a  most  remarkable  one. 

Having  studied  the  effect  of  acids  and  acid  salts  upon  the  lime  re- 
quirement of  soils  and  the  phenomenon  relating  thereto,  it  will  now  be 
of  interest  to  know  the  results  obtained  with  neutral  salts. 


ESPPECT  OP  SOLUBLE  SAITTS  UPON  THE  LIMB  REQUIREMENT  OP  SOILS. 

The  effect  of  soluble  salts  upon  the  lime  requirement  of  soils  was 
studied  in  two  different  ways :  (1)  to  20  grams  of  soil  were  added  20  c.  c. 
N/10  of  a  neutral  salt  solution,  the  soil  allowed  to  dry  in  room  tempera- 
ture and  its  lime  requirement  determined  according  to  the  procedure 
already  described;  (2)  to  2  grams  of  soil  were  added  2  c.  c.  of  a  N/IO 
salt  solution,  and  10  c.  c.  of  water,  and  its  lime  requirement  ascertained 
as  usual.  There  were  several  soils  used,  ranging  from  very  low  to  very 
high  initial  lime  requirement.  The  salt  solutions  employed  consisted  of 
NaNOg,  KNO3,  Ca(N08)2,  KOL,  K^SO,,  CaClj,  MgSO,,  (NHJ^SO^, 
NaOjHjOj,  K2HPO4,  and  CaHJPOJ^  in  N/10  strength.  Since  both 
methods  gave  essentially  the  same  kind  of  results,  and  inasmuch  as  the 
second  method  is  the  most  accurate,  the  results  obtained  by  the  second 
study  will  be  presented  here.   These  data  are  contained  in  Table  11. 

An  examination  of  the  preceding  data  reveals  clearly  and  decisively 
the  following  most  important  facts:  (1)  All  the  salts  increased  the  lime 
requirement  of  the  agricultural  soils  very  markedly,  but  the  neutral 
salts  considerably  more  than  the  acid  phosphate  salts.  Thus,  in  the 
case  of  Soil  No.  2  the  acid  phosphate  salts  augmented  the  lime  requirement 
by  1,121.8  pounds  CaO  per  acre  while  the  neutral  salts  increased  the 
amount  by  4,487.2  pounds;  (2)  All  neutral  salts  increased  the  lime  re- 
quirement of  any  one  soil  to  the  same  magnitude.  This  was  also  true 
of  the  acid  phosphate  salts.  Thus,  in  Soil  No.  2  all  the  neutral  salts 
caused  an  increase  of  4,872  pounds  CaO,  and  both  phosphate  salts, 
1,121.8  pounds  CaO;  (3)  In  the  case  of  quartz  sand  which  originally 
took  up  no  lime,  none  of  the  neutral  salts  caused  it  take  up  lime,  but  both 
of  the  phosphates  did.  This  lime  requirement,  however,  is  due  to  the 
phosphate  salts  themselves  and  not  to  the  quartz  sand,  as  will  subse- 
quently be  explained. 
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Evidently,  therefore,  the  application  of  soluble  salts  increases  the  lime 
requirements  of  soils  quite  markedly.  The  question  now  is,  is  this  in- 
crease permanent  or  only  temporary,  and  in  either  case  how  is  it  brought 
about? 

To  procure  information  upon  these  questions  the  following  line  of 
research  was  pursued :  To  20  grams  of  soil  were  added  20  c.  c.  of  any  one 
of  the  salt  solutions.  The  ratio  of  the  soil  to  the  solution  and  the 
strength  of  the  solution  were  the  same  as  above.  The  mixture  was  stirre*! 
and  allowed  to  stand  for  about  an  hour.  Then  the  mixture  was  poured 
upon  a  filter  paper  in  a  funnel  and  washed  with  water.  The  soil  was 
allowed  to  dry  in  room  temperature  and  its  lime  requirement  was  de- 
termined in  the  usual  manner.  The  results  obtained  are  detailed  in 
Table  12. 


TABLE  12. 


LIME  REQUIREMENT  OF  SOILS  WHICH  WERE  TREATED  WITH  SALT 
SOLUTIONS  AND  THEN  WASHED. 


Sou. 

NaNO, 

KsSO« 

c.c.  N/25 
Ca(OH), 
absorbed 

Pounds 

CaO 
per  acre. 

C.C.  N/25 
Ca(OH)i 
absorbed 

Pounds 

CaO 
per  acre. 

6 
6 
9 
9 

8.5 
8.0 

6,730.8 
6,730.8 
10.096.2 
10,096.2 
9.635.3 
8.974.4 

6 
6 
9 
9 

8.5 
8.5 

6,730.8 
6,730.8 
10,096.2 
10,096.2 
9,535.8 
8,974.4 

Soil  No.  1  treated  

The  data  in  the  above  table  are  highly  interesting  and  very  significant. 
They  show  that  the  soils  which  were  treated  with  various  salt  solutions 
and  then  washed,  have  practically  the  same  lime  requirement  as  that 
before  treatment.  In  other  words,  the  substance  which  increases  their 
lime  requirement  when  they  are  treated  with  the  soluble  salts  disappears 
upon  washing,  and  they  come  back  to  their  original  lime  requirement. 

These  data  then  go  to  prove  three  main  facts,  (1)  The  substance  which 
caused  an  increase  in  the  lime  requirement  of  the  so^il  v/[K>n  being  treated 
with  the  soluble  salts  was  soluble  or  in  solution  and  vyas  readily  carried 
awoA/  by  washing,  (2)  The  treatment  did  not  produce  any  permanent 
change  in  the  soil,  either  dhemical  or  physical  and  consequently  (3)  the 
increase  in  lime  requirement  brought  about  by  the  application  of  soluble 
salts  was  only  temporary  and  not  permanent. 

Now  what  is  the  nature  of  the  substance  which  is  produced  in  the  soil 
by  the  salts,  and  is  readily  soluble  or  in  solution,  that  causes  the  in- 
crease in  the  lime  requirement.  Before  attempting  to  answer  this  ques- 
tion it  is  essential  to  consider  first  the  type  of  curve  that  the  soils  con- 
taining the  substance,  i.  e.,  the  soils  which  are  treated  with  the  salt  solu- 
tion and  not  washed,  will  yield  upon  being  titrated  with  Ca(OH)2 
according  to  the  freezing  point  method.  The  data  pertaining  to  this 
phase  of  the  investigation  are  contained  in  Table  13  and  graphically 
represented  in  figures  7a,  7b,  7c  and  7d.  Only  a  few  typical  examples 
are  here  submitted. 


Digitized  by 


Google 


46 


EXPERIMENT  STATION  BULLETIN. 


DIVISION  OP  SOILS. 


47 


EXPERIMENT  STATION  BULLETIN. 


DIVISION  OF  SOILS. 


49 


50  EXPERIMENT  STATION  BULLETIN. 

TABLE  13.   FREEZING  POINT  DEPRESSION  OF  SOILS  WHICH  WERE  TREATED  WITH 
SALT  SOLUTIONS  AND  TITRATED  WITH  Ca(OH)f. 
Reagents.  DepresBioii. 

2  gm.  soil  plus  2  C.C.  N/10  NaNOa  plus  10  c.c.  water    070<^ 

plus  4  C.C.  Ca(OH)t  05i 

plus  4  c.c.  Ca(OH)«  046 

plus  4  c.c.  Ca(OH)t  041 

plus  4  c.c.  Ca(OH)s  061 

2  gm.  soil  plus  2  c.c.  n/lO  CaNO«  plus  10  c.c.  water  056*>C 

plus  4  c.c.  Ca(OH)s  060 

plus  4  c.c.  Ca(OH)i  041 

plus  4  c.c.  Ca(OH)t  037 

plus  3  c.c.  Ca(OH)s  047 

2  gm.  soil  plus  2  c.c.  n/lO  KiSO«  plus  10  c.c.  water  ^  

plus  4  c.c.  Ca<OH)»  030 

plus  4  c.c.  Ca(OH)t  032 

plus  4  C.C.  Ca(OH)i  031 

plus  3  c.c.  Ca(OH)s  039 

2  gm.  soil  plus  2  c.c.  n/10  CaHP04  plus  10  c.c.  water  020^ 

plus  4  c.c.  Ca(OH)s  Oil 

plus  4  c.c.  Ca(OH)t  010 

 plus  4  c.c.  Ca(OH)»  019 

It  is  at  once  seen  that  the  general  type  of  numerical  data  and  curve 
yielded  by  the  soils  which  were  treated  with  soluble  salts  is  almost  ex- 
actly the  same  as  that  obtained  when  a  pure  acid  or  acid  salt  or  a  soil 
treated  with  an  acid  or  acid  salt  is  titrated  with  Ca(OH)2.  The  ir- 
i*esistable  and  logical  conclusion  immediately  appears  to  be,  therefore, 
that  the  substance  produced  in  the  soils  when  they  are  treated  with  dif- 
ferent soluble  salts,  consists  either  of  a  soluble  free  acid  or  an  acid  salt. 
This  conclusion  appears  to  be  supported  by  what  is  already  known  con- 
cerning the  reaction  between  a  salt  solution  and  the  soil.  According  to 
the  adsorption  and  chemical  theories,  when  a  soil  reacts  with  a  salt,  the 
base  of  the  salt  is  taken  up  by  the  soil  and  leaves  in  solution  a  free  acid, 
or  the  base  taken  up  releases  a  weaker  base  such  as  aluminum,  which 
combines  with  the  acid  radical  of  the  salt  to  form  an  acid  salt. 

Hence,  the  answer  to  the  above  question,  what  is  the  nature  of  the 
substance  produced  in  the  soil  by  the  application  of  soluble  salts,  which 
increases  the  lime  requirement;  a/ppea/rs  to  he  that  it  oongists.eitJi^er  of 
a  free  acid  or  an  acid  salt,  hut  most  likely  the  latter. 

At  this  point  it  should  be  stated  that  the  above  explanation  as  to  the 
cause  of  the  acid  curve,  applies  only  to  the  neutral  salts  and  not  to  the 
acid  phosphate  salts,  CaH^  (P04)2  and  KjHPO^.  These  phosphate  salts 
are  acid  salts  and  will  produce  the  acid  curve  even  before  they  are 
applied  to  the  soil.  The  acid  cun'e  produced  after  they  are  applied  to 
the  soil  is  doubtless  due  to  the  same  compounds  and  not  necessarily  to 
some  other  acid  or  acid  salt  formed. 

It  should  also  be  recorded  that  the  acid  curve  will  be  obtained  upon 
the  application  of  soluble  salts  only  when  the  soil  shows  a  lime  require- 
ment, by  the  freezing  point  method.  If  the  soil  shows  no  lime  require- 
ment, such  as  the  quartz  sand,  the  acid  curve  will  not  be  obtained,  ex- 
cept in  the  case  of  the  phosphate  salts.  The  same  is  true  when  a  soil  is 
alkaline  or  already  saturated  with  a  base.  If  a  soil,  however,  takes  up 
only  a  very  small  amount  of  lime,  the  acid  cun^e  will  be  very  unpro- 
nounced. 

Not  all  neutral  salts  give  in  the  soil  an  acid  curve  of  the  same  degree 
of  pronouncement.  That  is  to  say  the  amount  of  decrease  in  the  de- 
pression is  not  the  same  for  all  neutral  salts.   Thus  Ca(N08)2,  NaNOj, 
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KNO3,  KCl,  and  CaClj  give  a  far  more  pronounced  acid  curve  than 
K2SO4,  MgSO^,  (NHJ2SO4,  and  NaHjCjOa.  This,  however,  is  naturally 
to  be  expected  since  the  products  formed  by  the  reaction  between  the 
Ca(OH)2  and  the  acid  or  acid  salt  of  these  neutral  salts  possess  different 
degrees  of  dissociation  or  solubility. 

In  considering  the  results  on  the  effect  of  acids  upon  the  lime  require- 
ment of  soils,  it  was  seen  that  when  a  soil,  which  showed  a  large  lime 
requirement  was  treated  with  an  excess  of  dilute"  acid,  the  supernatant 
liquid  failed  to  give  the  acid  curve,  while  the  sediment  did,  but  when  the 
sediment  was  washed,  then  the  acid  jeurve  could  no  longer  be  obtained. 
The  natural  and  logical  question  now  rises,  do  similar  phenomena  also 
occur  in  the  case  of  the  salt  solutions? 

The  answer  to  this  question  was  obtained  by  attacking  the  problem  in 
the  same  manner  as  before,  namely,  to  several  different  soils,  which 
showed  a  high  lime  requirement,  were  added  different  salt  solutions  in 
the  ratio  of  10  grams  of  soil  to  50  c.  c.  of  the  solution  of  N/10  strength. 
The  mixture  was  stirred  thoroughly  for  a  few  minutes,  then  allowed  to 
stand  for  about  an  hour  until  the  supernatant  liquid  became  clear.  Then 
some  of  the  supernatant  liquid  was  poured  into  the  freezing  tube  without 
filtering,  and  titrated  with  Ca(OH)2  in  the  usual  manner.  It  was  found 
that  the  depression  began  to  increase  immediately  upon  adding  about  2 
c.  c.  of  Ca  (OH)  2,  indicating  that  the  supernatant  liquid  failed  to  give 
an  acid  curve.  Then  the  remainder  of  the  solution  was  poured  out  and 
the  sediment  was  placed  in  the  freezing  tube  and  titrated  with  Ca(0H)2. 
It  was  found  that  the  freezing  point  depression  decreased  with  the  in- 
creased addition  of  Oa(OH)2  until  a  certain  point  was  reached  and  then 
commenced  to  rise.  The  results  then  plotted  into  an  acid  curve,  and 
proved  that  the  soil  contained  an  acid  or  acid  salt  or  some  substance 
which  was  not  equally  or  proportionally  represented  in  the  supernatant 
solution.  In  another  sample  of  soil  similarly  treated,  the  sediment  was 
washed  with  water  and  then  titrated.  In  this  case  the  freezing  point 
depression  remained  constant  up  to  a  certain  point  and  then  began  to 
rise.  The  results,  then  plotted  into  an  absorption  curve,  and  proved  that 
the  substance  which  gave  the  acid  curve  above  was  washed  away  with 
water. 

These  experiments  wei^e  repeated  xoith  many  of  the  neutral  salts  using 
different  soils,  and  in  every  case  the  results  toere  the  same,  namely  the 
supernatant  liquid  failed  to  give  ani  add  curve  wMle  the  sediment  did, 
hut  when  the  sediment  was  \cashed  then  it  no  longer  yielded  an  aeid 
curve. 

These  results  then  agree  perfectly  with  those  obtained  with  acids,  and 
whatever  is  the  explanation  for  the  one  case  is  true  also  for  the  other. 

Since  no  mineral  soil  out  of  a  number  of  80  tested  for  lime  require- 
ment in  their  natural  condition  gave  an  acid  curve  but  only  an  absorption 
cun^e,  and  inasmuch  as  the  free  acid  and  acid  salt  produced  in  these  soils 
when  they  were  treated  with  neutral  salts  or  acids  and  acid  salts,  were 
carried  away  by  washing  and  the  soils  then  gave  an  absorption  curve,  it 
seems  safe  and  logical  to  conclude  that  the  presence  of  soluble  acids,  or 
acid  salts  in  the  mineral  soils  under  field  conditions  is  only  temporary 
and  probably  never  permanent.  The  acidity  or  lime  absorption  of  the 
mineral  soils,  therefore,  is  probably  due  mainly,  if  not  entirely,  to  the 
insoluble  acids  of  the  soil,  the  silicic  acid,  acid  alumino-silicate,  and 
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silica,  and  perhaps  to  the  insoluble  organic  matter.  There  is  probably 
then  practically  no  active  acidity  in  the  mineral  soils,  but  only  n^ative. 
Exceptions  to  this  general  statement  are  probably  very  few. 

In  the  peats  and  mucks,  however,  the  formation  of  the  organic  acids  is 
probably  quite  rapid,  and  consequently  these  soils  may  contain  per- 
manent active  acidity,  as  well  as  permanent  negative  acidity. 

One  more  pomt  "before  concHuding.  If  it  is  true — which  is  heyond  any 
doubt — that  token  a  soil  is  treated  with  an  excess  of  acid,  acid  salt  and 
neutral  salt,  the  supemata/nt  liquid  contains  very  little  acid  or  acid  salt, 
while  the  soil  mass  itself  retains  a  Iwr^e  amount  of  the  acid  or  acid  salt 
(or  a  substance  vMch  greatly  increases  the  lime  requirement),  then  the 
question  rises,  caiv  any  of  the  present  soil  acidity  methods  which  em- 
ploy neutral  salts  and  use  only  the  supernatant  liquid,  give  the  true 
lime  requirement  of  the  soil?  This  is  indeed  a  question  of  great  and 
fundamefUal  importance  and  must  not  be  ignored. 

Notd:  After  the  foregoing  report  was  completed  and  submitted  for 
publication  there  were  received  from  the  Rhode  Island  Experiment  Sta- 
tion samples  of  twelve  different  soils,  with  a  request  from  Mr.  F.  R. 
Pember  to  determine  their  lime  requirement  by  the  freezing  point 
method.  As  the  cultural  history  of  these  soils  is  known,  their  results 
on  lime  requirement  are  of  high  interest  and  great  significance  from  the 
standpoint  of  the  reliability  and  value  of  the  freezing  point  method. 
The  data  obtained  are  detailed  in  the  following  table: 


TABLE  14.    LIME  REQUIREMENT  OF  SOILS. 


Number  Pounds  CaO 

of  soil.  per 

2.000.000 

p(NlIld880ll. 

1   10.006.2 

2    6,780.8 

3   16,706.2 

4    27,000 

6  ^   16.705.2 

6   8.074.4 

7    660.0 

8    560.9 

200   8,413.6 

201   8,413.6 

202    6.730.8 

203   6,730.8 


It  will  be  at  once  seen  that  the  different  soils  took  up  entirely  dif- 
ferent amounts  of  lime;  the  quantity  ranging  from  560.9  pounds  CaO  per 
acre  in  the  case  of  soils  No.  7  and  8  to  27,000  pounds  in  the  case  of  soil 
No.  4. 

Soils  No.  7  and  8  are  sand,  while  all  the  other  soils  may  be  classed  as 
very  fine  sandy  loam.  Since  the  texture  of  the  latter  soils  is  more  or 
less  the  same,  their  different  lime  requirement  must  be  due  to  the  dif- 
ference in  the  cultural  treatment  they  have  received.  In  other  words, 
the  great  variation  in  the  lime  requirement  of  these  boils,  which  originally 
probably  belonged  to  the  same  series  and  type,  is  caused  by  the  different 
cultural  treatment  they  have  received.  Indeed,  their  cultural  history, 
as  indicated  by  the  following  communication  from  Mr.  Pember,  proves 
such  to  be  the  case: 

"The  soil  of  samples  No.  1  and  3  came  from  field  plat  No.  23  in  the 
spring  of  1915  and  was  stored  under  greenhouse  conditions  until  used. 
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For  full  description  of  the  growth  of  plants  in  the  field  on  this  soil,  see 
Rhode  Island  Bulletin  No.  160.  Before  growing  barley  in  this  soil  the 
past  winter,  a  liberal  amount  of  K  N  and  P  was  added  to  the  soil.  No. 
2  received  in  addition  C.  P.  CaCOg  at  the  rate  of  3  tons  per  acre,  tirea 
basis.    No.  3  received  in  addition  a  solution  of  H8PO4. 

Soils  No.  4  to  6  came  from  the  benches  in  the  greenhouse  where  the 
carnations  are  growing  at  the  present  time.  All  had  received  stable 
manure  for  the  last  three  years  and  Nos.  4  and  5  have  had  the  stable 
manure  supplemented  with  large  amounts  of  chemical  manure.  Nos. 
7  and  8  are  sand  in  which  carnations  are  growing  for  the  third  season 
and  the  chemical  manures  added  during  the  three  years  have  exceeded 
the  amount  added  to  Nos.  4  or  5. 

Soils  No.  200  and  201  came  from  the  vetch-clover  area  of  the  com  acre 
this  spring  but  the  samples  were  taken  about  four  weeks  apart.  Nos. 
202  and  203  came  from  the  fallow  area  of  this  same  field  at  the  same 
time  as  No.  200  and  201.  We  speak  of  the  "com  acre"  because  this  field 
has  been  planted  to  com  each  year  for  about  twenty  years.  One  section  of 
the  field  has  crimson  clover  and  winter  vetch  sown  at  the  last  cultivation 
of  the  com,  while  on  what  we  term  the  fallow  section,  the  corn  receives 
clean  cultivation  throughout  the  season,  and  the  section  remains  fallow 
the  rest  of  the  year. 

Carnation  plants  put  into  Nos.  4  and  5  last  fall  failed  to  make  much 
growth,  and  have  done  very  poorly  since  early  winter  in  sand  No.  8.  In 
No.  2  the  growth  of  the  barley  was  much  improved  by  the  addition  of 
CaOOg  while  the  addition  of  H3PO4  depressed  the  growth  only  19%" 

The  values  of  the  lime  requirement  of  the  different  soils  as  shown  in 
table  14  are  of  very  great  significance  in  the  light  of  the  facts  contained 
in  the  above  communication.  According  to  Mr.  Pember's  letter,  for 
instance,  soils  No.  1,  2  and  3  came  from  the  same  plot  and  consequent- 
ly they  should  be  quite  uniform  texturely.  They  all  received  liberal 
applications  of  K  P  and  N.  Soil  No.  2,  however,  received  in  addition,  3 
tons  of  CaOOj,.  This  soil,  therefore,  shows  much  less  lime  requirement 
than  soil  No.  1  which  may  be  taken  as  a  check.  Soil  No.  3,  received,  in 
addition  to  K  P  and  N,  also  a  solution  of  HaPO^.  This  soil  shows  a  far 
greater  lime  requirement  than  the  other  two  soils. 

Soils  No.  4,  5  and  0  received  stable  manure,  and  soils  No.  4  and  5 
received  in  addition  large  amounts  of  chemical  fertilizers.  The  lime  re 
quirement  of  soils  No.  4  and  5  which  received  the  chemical  fertilizers 
is  much  greater  than  that  of  soil  No.  6. 

Soils  No.  7  and  8  are  almost  quartz  sand  and  although  they  were 
treated  with  large  applications  of  fertilizers,  their  lime  requirement  is 
very  small,  since  quartz,  sand  usually  takes  up  very  little,  if  any,  lime. 

Soils  No.  200  and  203  came  from  the  same  field  but  soils  No.  200 
and  201  came  from  the  "com  acre"  and  Nos.  202  and  203  from  the  fallow 
area.  The  former  two  soils  show  a  greater  lime  requirement  than  the 
two  latter  soils. 

The  failure  of  the  carnations  to  grow  in  soils  No.  4,  5  and  8  is  not 
due  entirely  to  the  lack  of  lime,  but  to  the  tremendous  concentration, 
of  the  solution  of  these  soils.  These  soils  have  received,  evidently,  such 
large  applications  of  chemical  manures  that  the  concentration  of  their 
solution  is  really  tremendous.  Thus,  at  a  very  high  moisture  content, 
almost  at  the  point  of  saturation,  these  soils  gave  a  depression  of  over 
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.600^  C,  which  is  about  30  times  as  great  as  that  of  nonna]  soils.  At  a 
lower  moisture  content  this  depression  would  be  much  greater.  Now, 
when  it  is  considered  that  the  depression  of  the  cell  sap  of  young  cereal 
plants  amounts  to  a  little  less  than  1.00°  C,  it  becomes  at  once  evident 
that  the  failure  of  the  carnations  to  grow  in  these  soils  is  undoubtedly 
due  to  the  great  concentration  of  the  soil  solution. 

The  results  on  the  lime  requirement  of  these  Rhode  Island  soils  seem 
to  afford  a  most  excellent  confirmation  of  the  previous  laboratory  results 
and  a  definite  proof  that  the  lime  requirement  value,  as  indicated  by  the 
freezing  point  method,  is  due  to  a  definite  factor  and  this  factor  seems 
to  be  somewhat  related  to  crop  growth. 


SUMMARY. 

In  the  present  paper  there  is  presented  the  freezing  point  method  as  a 
new  method  for  determining  the  lime  requirement  of  the  soils  and  i)os8ibly 
the  nature  of  their  acidity. 

The  method  consists  of  adding  to  2  grams  of  soil  10  c.  c.  of  water 
and  determining  the  lowering  of  the  freezing  point.  Then  to  this  mix- 
ture are  added  various  amounts  of  Ca(0H)2  until  there  occurs  a  change 
in  the  magnitude  or  direction  of  the  freezing  point  depression. 

The  method  is  based  upon  the  following  principles  for  indicating  the 
lime  requirement  of  soils  and  the  nature  of  their  acidity:  (1)  If  a  soil 
contains  a  free  soluble  acid  or  acid  salt  its  freezing  point  depression  de- 
creases upon  iadding  to  it  various  quantities  of  Ca(0H)2  until  a  certain 
point  is  reached  and  then  it  begins  to  increase  with  further  addition  of 
Ca(0H)2.  This  point  is  considered  to  be  the  point  of  neutralization  of 
the  acid  or  acid  salt  and  of  the  saturizaiion  of  the  soil  for  lime.  The 
results  plot  into  a  type  of  curve  which  is  designated  as  an  acid  cur\'e. 
(2)  If  a  soil,  however,  contains  neither  a  soluble  acid  nor  an  acid  salt 
but  possesses  an  absorptive  power  for  lime,  due  probably  to  the  unsatis- 
fied silicate  compounds  and  organic  matter,  the  freezing  point  depres- 
sion remains  constant  as  more  and  more  of  CafOH),  is  added  to  the  soil 
until  a  critical  point  is  reached  and  then  it  commences  to  rise  with 
further  addition  of  C4i(OH)2.  The  critical  point  is  considered  to  be 
the  saturation  of  the  soil  for  lime.  The  results  plot  into  a  type  of  curve 
which  is  designated  as  an  absorption  curve.  (3)  If  the  soil  contains 
neither  a  free  soluble  acid  or  acid  salt,  nor  an  absorptive  power  for  lime, 
i.  e.,  it  is  already  alkaline  and  saturated  with  bases,  then  the  freezing 
point  depression  starts  to  rise  almost  immediately  upon  the  addition  of 
a  small  amount  of  Ca(OH),.  The  curve  obtained  from  these  results 
is  named  the  alkaline  or  no-lime-absorption  curve. 

The  method  is  simple,  accurate,  extremely  rapid,  entirely  different  in 
principle  from  that  of  any  other  method  now  in  vogue,  and  appears  to 
be  very  promising  as  it  affords  a  direct  means  of  studying  the  problem 
of  soil  acidity. 

The  lime  requirement  of  over  05  different  soils  in  their  natural  state 
was  determined  by  this  method.  The  results  show  that  the  amount  of 
lime  taken  up  by  these  soils  varies  greatly. 
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The  freezing  point  method  gives  much  higher  lime  requirement  than 
the  Veitch  method.  It  appears  that  the  former  method  probably  gives 
the  true  maximum  lime  requirement  of  soils.  By  true  maximum  lime 
requirement  is  meant  the  total  amount  of  lime  required  to  neutralize  any 
soluble  acids  and  acid  salts  of  soils  and  to  satisfy  their  absorption- 
adsorption  properties  for  lime. 

All  the  mineral  soils  tested  gave  an  absorption  curve,  indicating 
probably  that  they  did  not  contain  a  soluble  acid  or  acid  salt. 

The  absorption  curve  of  .the  mineral  soils  signifies  that  the  Ga(OH)2 
is  taken  out  of  solution  and  is  rendered  inactive  as  far  as  the  freezing 
point  depression  is  concerned.  The  substances  which  accomplish  this 
are  in  the  solid  phase.  A  critical  consideration  of  the  soil  mass  as  well 
as  many  experimental  evidences  seem  to  indicate  that  these  solid  sub- 
stances, in  the  case  of  the  mineral  soils,  consist  mainly  of  unsaturated 
silicic  acid,  silica,  acid  alumino-silicates,  and  perhaps  insoluble  organic 
matter,  probably  in  the  colloidal,  hydrated  form. 

The  absorption  curve  also  indicates  that  there  is  no  basic  exchange 
in  soils,  when  a  hydrate  is  employed,  until  the  soil  is  satisfied  or  satur- 
ated with  the  base. 

Only  a  few  peats  were  tested  and  most  of  them  gave  an  acid  curve, 
indicating  probably  that  most  of  them  contained  free  acids. 

The  same  kind  of  soils  took  up  Ca(OH)2,  KOH,  NaOH,  and  NH^OH 
in  non-chmically  equivalent  amounts.  As  a  very  general  rule  each  soil 
tended  to  show  a  specific  reactivity  for  these  different  hydrates.  This 
unequal  absorption  does  not  appear  to  be  against  the  value  of  the 
freezing  point  method. 

When  a  soil  was  satisfied  with  one  base  it  took  up  very  little  if  any 
of  another  base,  or  if  it  did,  it  released  a  corresponding  anaount  of  the 
one  with  which  it  was  already  saturated. 

On  the  other  hand,  when  a  soil  was  only  partly  satisfied  with  one  base 
it  absorbed  a  corresponding  quantity  of  another. 

The  addition  of  acids  and  acid  salts  increased  the  lime  requirement  of 
soils.  The  magnitude  of  the  increase  was  approximately  equal  to  the 
amount  of  lime  required  to  neutralize  the  quantity  of  the  acid  or  acid 
salt  added.  The  results  plotted  into  an  acid  curve. 

When  a  soil  was  treated  with  an  excess  of  acid  and  then  washed,  the 
lime  requirement  was  also  increased,  but  the  results  plotted  into  an 
absorption  curve. 

When  a  soil,  which  showed  a  high  lime  requirement,  was  treated  with 
an  excess  of  acid,  the  clear  supernatant  liquid  failed  to  give  an  acid 
curve,  indicating  that  it  contained  very  little  if  any  acid.  The  litmus 
paper  test  showed  that  it  was  very  nearly  neutral.  The  sediment,  how- 
ever, gave  an  acid  curve,  signifying  that  it  contained  a  considerable 
amount  of  acid.  It  turned  the  blue  litmus  paper  red.  When  this  sedi- 
ment was  washed  with  water,  however,  the  acid  curve  could  no  longer 
be  obtained,  showing  that  the  acid  was  washed  away. 

All  soluble  salts  increased  the  lime  requirement  of  soils,  but  the  magni- 
tude  of  increase  was  greater  in  the  case  of  the  neutral  salts  than  of  the 
acid  phosphate  salts.  All  of  the  former  salts  employed  augmented  the 
lime  absorption  of  any  one  soil  to  the  same  degree.  The  same  was  true 
of  all  the  latter  salts.  The  increase,  however,  in  both  cases  was  only 
temporary,  as  after  washing  with  water  the  soils  possessed  the  same  lime 
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requirement  as  before  treatment.  Before  washing,  the  soils  gave  the  acid 
curve  with  all  the  salts,  but  after  washing  they  all  yielded  the  absorption 
curve,  proving  that  the  substance  which  caused  an  increase  in  the  lime 
requirement  and  produced  the  acid  cun'e,  was  washed  away. 

The  same  phenomenon  was  observed  in  the  case  of  the  salt  solutions, 
as  in  the  acids,  namely,  when  a  soil  which  showed  a  high  lime  require- 
ment was  treated  with  an  excess  of  salt  solution,  the  supernatant  liquid 
failed  to  give  an  acid  curve  but  the  sediment  did,  but  when  the  sediment 
was  washed  with  water,  then  it  no  longer  gave  the  acid  curve,  but  the 
absorption  curve.  These  phenomena  are  very  remarkable  and  exceedingly 
significant.  \ 

Bince  no  mineral  soil  out  of  a  great  number  tested  gave  an  acid  curve 
but  only  an  absolution  curve,  and  inasmuch  as  the  free  acid,  and  acid 
salt  produced  in  these  soils  when  they  were  treated  with  neutral  salts, 
or  acid  and  acid  salts,  were  carried  away  by  washing  and  the  soils  then 
gave  an  absorption  curve,  the  conclusion  seems  to  be  that  the  presence 
of  soluble  acids,  or  acid  salts,  in  the  mineral  soils  under  favorable 
natural  conditions  is  only  temporary,  if  ever  present,  and  never  per- 
manent. The  acidity  or  lime  requirement  of  soils,  therefore,  seems  to 
be  due  mainly  to  the  insoluble  acids  of  the  soil,  the  silicic  acid,  silica, 
acid  alumino-silicates,  and  perhaps  to  the  insoluble  organic  matter. 
There  appears  to  be  then  practically  no  active  acidity  in  the  mineral 
soils,  but  only  negative.  Exceptions  to  these  general  statements  are 
probably  very  few. 

In  the  peats  and  mucks,  however,-  the  formation  of  organic  acids  is 
probably  quite  rapid,  and  consequently  these  soils,  as  indicated  by  the 
data,  may  contain  permanent  active  acidity  as  well  as  permanent  nega- 
tive acidity. 
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